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FLYING THE 
ATLANTIC 


/u^in TC'o^utd. 
OVER SINGAPORE 


Up and down the Malay Peninsula Lockheed Hudsons are sweep- 
ing the skies for the Royal Australian Air Force. Like all their 
sister ships in the Far East, these famous reconnaissance bombers 
are powered by dependable Pratt & Whitney Twin Wasp engines. 


EAST HARTFORD, CONNECTICUT 

ONE OF THE THREE DIVISIONS OF UNITED AIRCRAFT CORPORATION 





PIPER 




FOUR OF THE LARGEST AVIATION 


ENGINE 


PLANTS 



TEST CELL FIRES 




• Ac chis moment, every man responsible for production in four 
large aviation engine plants, can schedule final engine tests with this calm assurance: 
that fires in test cell blocks will not delay deliveries so vital to the Nation’s defense. For 
in these huge plants Cardox Fire Extinguishing Systems stand guard over engines during 
punishing test runs.., ready at the first terri^ 6last of gasolioc-fed flame to discharge 
clouds office-smothering, sub-zero carbon dioxide gas, 

This mass discharge can be predetermined and engineered to put out any blaze in a 
matter of seconds. ..at the same time cooling well below re-ignition temperature.,. without 
additional damage of any kind beyond that caused by the short-lived fire itself. 

The methods by which Cardox Systems alone can assure such rapid, safe extinguish- 
ment are fully told in the CARDOX DATA FILE. Includes data on the exhaustive test- 
block demonstrations which led to the installation of Cardox in four of the newest and 
largest aviation engine plants, Write today for the Cardox Data File. 


CARDOX CORPORATION 


Bell Buildi 



UMd number of parts 


> Applied in the time... 


Whether you are manufacturing aircraft, tanks, troop 
transports, trucks or any part of a Defense mechanism 
involving assembly— we can help you. 

How7 By making drastic reduction in assembly time, 
reducing weight and giving you a double spring-tension 
lock that has defied vibration loosening even in most 
severe aircraft tests. 

SPEED NUTS and SPEED CUPS are manufactured in 


over 800 shapes and sizes. They do fastening jobs 
never done before and with their lightning speed of 
application, they can help you speed those Defense 
orders, saving steel, labor and time. Millions are going 
out daily. Send us your assembly details and we will 
mail samples and engineering data promptly. 

See us at the Natl. Metal Congress, Oct. 20-24, at 
Convention Hall, Philadelphia. Booth 45— the Arena. 


TINNERMAN PRODUCTS, I N C 

MANUSACTUIIERS OS PATENTED SPEED NUTS 

IN CANADA: W.ll.o B^rnas Co.. L<d.. Homcllon. Oofa.io. IN ENGLAND: Stmmoodi AaroooHorral, Ltd., London. IN FRANCE: Atrooouolroi Slmmondi. S. A.. Fans 


OVER A BILLION IN USE-OVER 800 SHAPES AND SIZES 
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for a 

Thoroughbred Plane! 


Is Avoilable in the New 

GLOBE AIRCRAFT 


L VCOMIN’G'S higher-horsepower horizontally opposed 
j engines bring increased speed, extra operating economy 
and lower cost per horsepower to America's new aircraft. 
Their opposed cylinder arrangement permits better pilot 
visibility, simplified installation and easier servicing. They 
offer you who fly the same high order of deiiendablc service 
that has made Lycoming Blue Ribbon engines the favorite 
for the import.int task of pilot inscniccion in light planes 
and in Army and Navy primary and transitional trainers. 
The loo-horsepower Lycoming engine in the new Swift is 
the 0-1J5. Others in this higher-horsepower scries arc the 
Lycoming 0-190 four-cylinder 115 horsepower engine, the 
Lycoming 0-350 six-cylinder i5o-horseposver engine and 
the Lycoming 0-435 six-cylinder 175-horsepower engine. 


LYCOMING 





DON'T KID YODRSELF*^ 
WITH SHORT "JOB" COURSES! 


lioi JOBS ^ UuHUa*idif Lot CAREERS ouLf. ^ Uait'ted me*t! 






Six months ago, a new produa... today, the industry's demands foe 
Bendix Thermo-Welded Cushion Clamps have skyrocketed sales 1194%' 
The superiority of these new-type clamps has brought about their 
acceptance by the industry in six short months. Bendix Cushion Clamps 
...with the neoprene thermo-welded to the clamp. ..offer better con- 
ductivity, less weight, permanent tightness and faster installation. 

Tens of thousands of Cushion Clamps are being produced every 24 
hours and because of modern automatic machinery, Bendix Aviation, 
Ltd. can inaease this production to meet any requirement of the 
"all-out" defense program. 



BENDIX \\ ,9 AVIATION, LTD. 

N O R T H I I HOLLYWOOD. CALIF. 
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EDO FLOAT GEAR 

STANDARD THE WORLD OVER 



Vought-Sikorsky SB2U-3 equipped with Edo twin float gear 
— Dive Bomber Seaplane of'the U. S. Fleet 




Edo manufactures single and twin float gear for military aircraft. 
Complete technical data and advisory engineering service available. 
Contractors to the U. S. Navy; U. S. Air Corps and Foreign Air Forces. 
Edo Aircraft Corporation, 402 Second St., College Point, N.Y.,U. S. A. 



SsseNT/AL SqUIPMENT 


Curtiss in doubling,re-doubIingandre-t^o//&/H/g 
capacities for National Defense in two short years 
has chosen time-proven, service-tested proprie- 
taries. Adel is proud to furnish line support and 
anti-icing equipment for Curtiss' U. S. Navy 
Approved SB2C-1. illustrated, plus hydraulic 
selector valves, cmergenc 7 hand pumps, by-pass 
valves and allied hydraulic equipment for other 


Curtiss aircraft in service of the U. S. Navy, U. S. 
Army and Great Britain's R.A.F. 

ADEL 

PRECISION PRODUCTS CORP. 

10777 Vanowen Stteet • Butbank, Calif. 




American Cable 


AMERICAN CABLE 


AIRCRAFT CONTROL EQUIPMENT 


wto 






• Sharply increased production of our full 
line of aircraft controls and accessories has 
in no way affected the painstaking precision, 
manufacture that has always characterized 
American Cable products. In many ways our 
control equipment exceeds Army and Navy 
specifications- We have been, and always will 
he “In Business for Your Safety." 

AmericanCablecontrolassembliesareavail- 
able in galvanized, tinned or “KORBDLESS'' 
stainless steel. The strand and cable, being 
preformed, have exceptionally high resistance 
to bending fatigue. They can long endure the 
torture of small diameter sheaves and so last 
the life of the plane. They can be fitted with 
the “TRU-LOC"end attachments, eitherstand- 
ard or especially designed. TRU-LOC termi- 
nals are compaa, reduce weight and eliminate 
the stretch found in thimble splices. They are 
the most efficient cable terminals made. 

Specify American Cable controls and fit- 
tings for assured dependability. Write for 
literature and prices. 



MASTER OF THE SKYWAYS- 


V DOrkTEIT-CrkOn c:i:._ A. 


TO CORROSION! 


PROTEK'SORB Silico Gel gives positive protection— 
BEFORE Corrosion starts its deadly work on vital ports! 


One Example 
of Ptotek-Sorb's Use 

Thij cylinder barrel is in per- 
led condition after o two- 
month test using Pralek-Sorb 
to keep it free of corrosion. 
The cylinder barrel shown 
was wiped absolutely cleon, 
then shipped to and stored 
in the tropics^ then returned 
la the United Stoles under 
normal conditions. Prolek 
Sorb did its job perfectly. 



Corrosion and other damage caused b/ moisture is no longer a problem in 
plants where PROTEK-SORB is on guard. Vital engine parts, accessories, 
complete engines ond even complete planes ore being protected by 
Protek-Sorb while in storage or shipment. Planes are being assembled 
FASTER because costly, time-wasting slushing compounds are no longer 
needed. New uses for Protek-Sorb ore being found daily. 

Every industry related to or supplying the oircraft industry has a place for 
Protek-Sorb in its operating plan. Used properly, if assures that products will 
reach their destination in perfect condition, ready to give top-notch service. 
If moisture is a factor to be reckoned with in the production or performance 
of your product, let our research and engineering deportment show you 
how Protek-Sorb will overcome the hozords thot moisture presents. 



THE DAVISON CHEMICAL CORPORATION 

Silita Gel Department 

BALTIMORE, MARYLAND 




Oxy-Acetylene Stack-Cutting Quickly 

Produces Identical Parts from Stock Steel 





2. it saves 

[jurtr^ from e^tock steel (]uickly> uiiil iistiutly <it 
lower eoest ihuii i>arts alreiidv sliapet) ean he 
ohlniiieik Sluek-niUiiij£ is in must eases a fusli'r 
tiiitl eficuper melliotl lliau sliapiii^ sinele purls 
hv lueelianieul moans, ami it also helps ooiiser\*o 
stec’l ht'omise it reiluees scrap losses. Aihlitioiial 
suvin|>s result wlipii iiuu'hiiiin^ operaliims are 
dune on the flaTne.eiil stacks licfore the parts are 
sepuruled. The iiniformilv of slack-enl parts 
facilitates falirieutiun and usseinhK. 


3. Linde can help you use it 

Linde can help van clcti*rmiiie where and how 
yon can profitably use Oxweld flame-culling 
equipment for the shaping of parts by slack- 
cutting. In addiliun to siijiplyiiig the o.'cygcn, 
tile acetylene, and oilier essential materials, 
Liiicle also makes at'ailahle to its customers, 
motion picture shotcitigs. how.lo-do-it literature, 
and on-tlip-joh sersice w hich help ojieralota do 
a consistoiilly good slack-cuUiiig jolt. If you 
want to know more ahoiil this jirocess— or about 
any nllier oxy-aretylene |irocess— asA- Linde! 


1. What it is 

(i\v-ai'ctv Icnc slack-cnuiiig is an adapuilion of the 
flame.sliujtiiig proees.s. Tliis method jtrodiiccs quanti- 
ties of iileiilically shaped parts of prarlically any sixe 
from clamped piles of steel plates or sheets, Steel 
ranging in thiekiiess from U) gunge to 1 iiieh is heing 
cut with good resnils— in piles us thick as a inchtot. If 
the plates arc correcllv clamped, the cut eilgcs arc 
clean anil smooth. Stack-ciilting cun he done with 
cither porijhte or slationar\* ffumo.entling machines. 
In the illiislratioii at the right, an l)\wehl eiilling 
blow pipe is slicing ih rough T plates, each 1 inch thick. 


The Linde Air Products Company 

30 E. >12011 Si., New York, N. Y. INSS Oflires in Other Principal Cities 
In Canada: Dominitm Osvgen Company, Limited, Toronto 


LINDE OXYGEN ... PREST-O-LITE ACETYLENE ... UNION CARBIDE 
OXWELO, PUROX, PREST-O-WELD APPARATUS . . . OXWELD SUPPLIES 


K VI ATION , Oclabsr. 
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ONE PRICE TO ALL 


Pay No Bonus for Quick Delivery 
of South Bend Lathes 

Y OU need not and should not pay a premium price in order to get quick 
delivery of a South Bend Lathe. All orders for South Bend Lathes are filled 
in accordance with the policies and regulations of the Office of Production 
Management in Washington, D. C. The payment of a bonus or premium or 
any other arrangement cannot affect the delivery of a lathe from the factory, 
and no authorized South Bend Lathe dealer will ask more than the estab- 
lished price, regardless of delivery. 

Prices of South Bend Lathes are published in our price list No. 49-A dated 
Jan. 10, 1941. These prices are net to the purchaser f.o.b. South Bend, Ind. 
They are fair and reasonable, and you should pay no surcharge, premium or 
mark-up of any kind, other than aaual transportation charges to your city. 

When you deal with an authorized South Bend Lathe distributor these are 
the prices you are asked to pay — no more, no less. If any other dealer offers 
you a South Bend Lathe at a higher price for immediate delivery, it is not in 
accordance with any policy established by us. We will appreciate ypur report- 
ing all such proposals to us for investigation. 


Authorized South Bend Lathe Dealers 
in the United States 








SOUTH BEND LATHE WORKS 





WINGS OVER AMERICA 



depend upon 

TROUBLE-FREE FASTENINGS 


Obviously there can be no compromise with 
quality — no element of doubt — in the selec- 
tion of fastenings upon which depend the 
safe successful performance of aircraft and 
all defense products. Long the choice of 
America's important industries, HOLTITE 
fastenings are playing an increasingly vital 
part in the defense program. 

Fully familiar with aviation requirements 
and government specifications, this plant 
is completely equipped to produce reg- 
ular and special fastenings from SAE 
2330, SAE 3135, SAE 4130 steel, brass 
and other alloys with Class 3 fit, and 
Cadmium plating to .0002" and .0003". 
For accuracy, strength, uniformity 
and complete dependability specify 
HOLTITE on your next fastening 
order — regular or special. 



ONTIKENTAL SCREW CO 

New Bed ford Mass. . . Wa rehouses at Detroit & Chattanoo^® 




Through This 
Doorway 

SPARTA. 

Graduat-es Ste 
to Good Jc 
in Aviotio 


ill . 




Train at this f 2,000,000 School 




take advantage of SPARTAN’S new and advanced training 
;h represent an investment of /uo million dollars. You can 
i benefits of SPARTAN’S new buildings, new training planes, 
d laboratories, new technical courses. You can gain from the 
ansion program that is making SPARTAN a greater school 
3u can have SPARTAN'S skilled personalized instruction in 
tch of aviation you choose— Sheet Metal, Aircraft or Engine 
ght. Engineering, Radio, Instrument Mechanics, Meteorology, 
receiving calls for more graduates than can be supplied. Now 
c you to Start your aviation training for a real career with a 
ture. Next semester starts Jan. yh. Mail coupon for free catalog. 


SPARTAN 


School oFACHoSms} 


ISION OF SPARTAN Al 




THIS 



is getting it on the line 

At Spartan School in Tulsa, anil in scores of other schools, 
the broad line of .America's defense begins. More than two 
hundred husky Fairchild Trainers in Spartan schools alone 
start the instruction of Air Corps cadets, flight instructors, 
and civilian students. 

Throughout this country, in Canada, and in South Amer- 
ica, modern fighting pilots learn faster by using the modern 
low-wing, full cantilever Fairchild Trainer. And to meet 
their needs Fairchild is getting additional hundreds of these 
Trainers on the line in record time! 


FAIRCHILD AIRCRAFT I 
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^ In men and machines for 
DEFENSE PRODUCTION? 


A<«» »• *“ 

of Tronsportotio" 

Over ho, 000 

Sqooro Feet of Mm- 1 
ofcKtorinS Floor Spote 

production ot— 

IrJ 

MEtBIMO, BESeABCM 

W.AIONQ' 


• Packard Maiuifacliiring Corporation and Associates is 
a grtnip of .small aiul medium si/.e manufacturers offering 
skilled mail power, experienced management and ample 
resources for production of defense material on prime con- 
tracts or sub-contracts. 

Their pquipnieiit facilities and plant capacity arc 
adapted to many operations required on defense conlraets 
now in process, or just being started, ^^any manufacturers 
who have prime conlraets or suh-eonlracts or (»overn- 
menl agencies inviting bids will find that I’ackard and 
Associates fit into the picture splciulidl). 

I.isted on this page are some of the pertinent farts 
about this centrally located group and the maiuifacliiring 
operations they arc equipped to handle. 

I INQUIltlES INVITED ] 

For complete iViferfflotion write, wire or pftone for deicriptiire breckure. 


PACKARD MANUFACTURING CORPORATION 

Homer t. Copebort, Fraddenf 

AND ASSOCIATES 

KENTUCKY AT MORRIS STREET, INDIANAPOLIS, INDIANA 






This picture illustrates Jio/Ziing’ uilusuai when you order Feading 
Aero Batteries. 

Oui current orders are running many times larger than in previous 
years, but our production faciliiies have been stepped up to keep 
pace with them, so that Reading Aero Batteries are still shipped 
promptly. You get Reading Batteries when you wonf them. 


HERO BRTfERIES 


New Reading Types 324LD and 333LD, were designed from the 
ground up tor light-planes, with the co-operation of plane and 
engine technicians plus our own broad experience, and they have 
been checked and proved ior starting, radio, and instruments in 
our own Flying Laboratory. s s ic l f i ex 

WE INVITE INQUIRIES L.,. S?. 


REHDIHG RRTTERIES IRC. 


READING, PENNSYLVANIA ★ CABLE ADDRESS "REBAT” 

mnnuFncTURERs of storrce batteries for ru purposes 



ArWftB DBPENDABLE, FLAP AND 
' LANDING GEAR OPERATION ON 


smbled. 

why not let Fleetwings' 
at designing SPECIALLY 
ct unusual requirements, 
vs ample plant copocity. 
excellent service. 



Designed, engineered and produced in seven 
months from date of order, by Northrop Aircraft, Inc. 
(Hawthorne, Calif-), the "'N-SPB" is one of the 
world's fastest military seaplanes. NOKMA- 
HOFFMANN PRECISION BEARINGS are a part of its 
control system — imparting extreme sensitiveness 
and time-tested dependability. 

"Where the bearings MUST NOT fail— on land, 
at sea or in the air”, practically all American build- 
ers of aircraft (including the U. S. Government) 
employ NORMA-HOFFMANN BEARINGS— whether 


their planes be built for military, commercial or 
private use. 

Identified with the aircraft industry since the 
earliest days of aviation, NORMA-HOFFMANN PRE- 
CISION BEARINGS find wide application in control 
systems, engines (including superchargers), propel- 
lers, instruments, radio and photographic apparatus, 
and plane and engine accessories. In the norma- 
HOFFMANN line of 108 series, there is a precision 
BEARING for every load, speed and duty in aviation 


Write /or the Catalog, Let our engineers worl^ with you. 


iFFMANN BEARINGS 


k., FOUNDED' 1911 



UP UNCLE SAM’S SLEEVE... 


In the Northrop Sector of the Battle of Production, dive 
bombers roll off the assembly lines. 

Here, as in all Amerira, production is the order of the 
day. But bet your bottom dollar that Uncle Sam hasn't 
exposed all tho tricks up his sleeve. He knows it is the 
quality of the quantity that eoiinU — both for today and 

At Northrop, as throujtlioiit the industry, the ceaacler..* 


lem(io of jiroduetion machinery is background for the 
rhythmic roar of the wimi tunnel and the myeterious 
lappings from the experimental laboratory — all blend 
into a Symphony of Action. 

Not just to hcl|> put America ahead, hut to keep her 
ahead, through research and development — is a Northrop 
tradition. 

Tliis. loo. i> anollu-r reason to Watch Norlliroi). 








• Signalling Devices 

• Business Machines 

• Electrical Tabulating Equipment 

• Maeliiiiery Control 

• Public Address Amplifiers 

• Program DUtribiiting Systems 

« Microphone and input Switching, and 
Equalizer Network Swilrliing in Broad- 
cast or Telephone Equipment 

• Tiilic Testers and Servicing Instruments 
Many applications on which it is necessary 
lo dose several circuits and automatically 
open any previoiislv closed circuits arc made 
easier and more elficient through the use of 
Malliir> Multiple Push Hutton Switches. 


They are available in standard tvpes such 
as ISo. 2196, illustrated above. 

It may well be that Multiple Push Button 
Switches arc furilicst Irom your regular or 
even o.'casioual needs. But there's this to 
remember . . . there is scarcely an iiidustrv 
that does not liave use fur one or more df 
the maiiY Mallory approved precisiou prod- 
ucts ... as original equipment, in processing, 
in maintenance or in cspcrimenial develop, 
ment. Three distinct circuit combinations 
— circuit closing, circuit transfer, and 
iion-shorting circuit transfer — are stocked 
‘ It shipment. Send for special folder 




prompt 
. Y-608 


I8B. 




THE NAVY TRAINS WITH KINNERS 


Behind the proven power of an ever increasing number of 
Kinner Engines, Navy pilots secure their primary training. 
Installed in Ryan NR -1 Primary Trainers, these efficient engines 
have increased the maneuverability and high performance of the 
Navy equipment. In every vital training program today — for 
the Navy, the Army, the C. P.T. P., and the British Common- 
wealth Air Training Plan — K-inner Engines are relied on for the 
dependability that has made them famous over the past 16 years. 
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Located in the heart of the Middle West . . . fully manned with skilled 
workers ... in addition to assembly plants on both Coasts . . . and 13 
strategically located District Offices, manned by experienced engineers, 
Lyon offers an efficient set-up to help manufacturers with their defense 
production problems. 

Plant lacilities include shears, punch presses, double crank presses, 
power brakes, spot, arc and gas welders, baking ovens, washing machines, 
dip tanks, spray units and other specialized equipment exactly suited to 
the fabricating of sheet metal in Gauges No. 10 to No, 24. Each plant is 
equipped with a modern toolroom, organized to produce necessary dies 
and jigs to service all production equipment. 

Complete and specific details on Lyon facilities for producing special 
defense products . . . either as a prime contractor or sub-contractor . . . are 
available in a fully illustrated brochure. Write or wire today lor a copy. 


GET ALL THE FACTS 


LYON METAL 
PRODUCTS, INC. 


LYON MCTAL PRODUCTS, INCORPORATED 



BALL BEARING 
DO’S AND DON’TS 
FOR MECHANICS 


\liouMfmg f/ie Bi 


earing 



with a center punch when he w3s 
staking 3 bait bearing housing. 

bearing shield as often as he hits the 
housing, "Might’s well th’ow the 
bearing away,” Gus grumbles • . • 

GUS SAYS "GON'T!" 

DON'T toss new bearings, re- 
turned unused from mechanics, 
back into o stock bin without 
wrapping them. Or putting them 
in a paper envelope. 

DON'T leave unwrapped bear- 
ings lying on the bench while 
you get ready to use them. 


Third of a series of inslnulinn 
sheets piiblisbed by The Faf/tii 
Bearing Company, based on its 
experience u-ilh the leaders of 
V. S’ aiiatinn. 

PRESS-FITTING the bearing, put 
pressure only on the outer ring in a 
housing mounting; only on the in- 
ner ring in a bolt or shaft mounting. 

IN HOUSING mountings, be sure 
bearing is started square in hous- 
ing. If it gets "cocked", it may not 
seat, or may mis*aligo. 

FIT SNUG, but nut so heavy as to 
exert radial pressure on the inner 
or outer ring which might emmp 
the bearing. Where shouldered 
housings or shafts are used, be sure 
to press bearing all the way home. 

AVOID STRIKING the shield. 
A dent in it may interfere with 
ball travel. 

CHECK MOUNTED bearing to be 
sure it runs free. If it is mounted in 
an accessory part, tape it to keep it 
clean until part is ready for final 
assembly, If this is final assembly, 
be sure that mis-alignment doesn't 
cramp bearing. 

NEVER BEND or otherwise distort 
parts carrying ball bearings. A 
little distortion can "freeze" the 
bearing entirely. 


DON'T fry to clean or grease 
new boll bearings — the maker's 
already done that job for you. 


Write your bearing problems to 
The Fafnir Bearing Company. 
Aircraft Div., New Britain, Conn. 
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MAIL THE COUPON FOR FREE TECHNICAL UTERATURE 



When they are beaten 

into phughshares 


After mankind has done with blood- 
letting — when the soldiers have been 
mustered out and when their swords have 
been beaten into ploughshares — then will 
Industn’ face new difficulties, in the 
inevitable “sag.” 

In the new era of expanded civilian 
flt'ing it will be found to be a bu 3 'er’s, not 
a seller’s, market. Competition will be 
tough. The plane producer able to trim 
his costs will have the edge. 

In your selection of equipment for 
today’s vital production needs, are you 
keeping in mind your after-the-war 
requirements? 

For instance, Clark “Tructractors,” 
“Truclifts” and Fork Trucks can help 


}‘ou to speed j’our operations now, because 
they’re gas-powered and therefore deliver 
2+-hour continuous service. In the post- 
armament period, when costs become 
more important — because competition 
will be keener — these same machines 
will be indispensable. Now (and then) 


Today the hand of destinj- is on the 
throttle of every plant in America — no 
man may stay that hand and hold back 
preparedness. Far-sighted management, 
however, must look bej-ond the field of 
battle to the highways of peace. To pre- 
pare for peace is as important as to 
prepare for war. 


CLARK. TRCCTRACTOR DIV. OF CLARK EQUIPMF.XT C0„ BATTLE CREEK, MICHIG.AN 

ClfIRK TRUCTRACTOR 




Belden 


Starter, Lighting, and Instrument Cables v v v SPARK PLUG WIRES 







Modern war has provided a great proving ground for American aircraft. The lough and demanding 
conditions of war flying have produced real testimony to the reliability and stamina of Lockheed 
airplanes. Scores of Hudson bombers have made the transatlantic ferry trip to England under their 
own power. Hundreds have seen service over the coastal waters of Britain .. .the Bismark was first 
sighted off Norway from a Lockheed. Hundreds have taken the pounding of battle and brought their 
crews home safely. This kind of reliability is not forgotten. 

Lockheed is proud of the performance of its airplanes in comtnerce and in war. Down to the last 
craftsman there is a personal interest and pride that stimulates careful and willing workmanship. 
It’s a spirit that, even three years ago, enabled the record-breaking delivery of 250 Hudson bombers 
nearly two months ahead of schedule ... resulting in additional large orders. It’s a spirit that has 
earned the confidence of a great nation in iMckheed rplinbilily. 
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They look with utmmt ca/ie 
. . . that airmen may look 
u/itA /iaftteitw con^iflence 


The skilled craftsmen who build Pioneer Instruments work to 
standards as exacting as it is humanly possible to follow. And they work 
with highly specialized inspection equipment to check on and safeguard 
their precision, every step of the way. 

Pioneer Instruments have a reputation for accuracy that grows, as truth, 
retold and retold, will always grow . . . into full trust and confidence. 

Tionee/t instrument 
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ARMY SOWJVO. . -With a regularity which reflects the high achieve- 
ments of the aircraft industry, powerful Republic Interceptors 
head up and away to join the Army Air Forces. At substrato- 
sphere altitudes. Republic squadrons are serving the nation well. 
Republic Aviation Corporation, Farmingdale, L. I., N. Y., U. S. A. 

REPUBLIC AVIATION 



V/ar on Two Fronts 


» FROM THE CONFLICTING 
CLAIMS of Germans and Russians it 
is extremely dangerous to draw con- 
clusions about the progress of the war. 
But as the days lengthen into weeks 
and the weeks into months, it becomes 
increasingly apparent that there is an 

poison. Very little has been known 
about Russian military strength, but 
events of the past three months are 
beginning to indicate the accuracy of 
our predictions that Soviet air power 
was a close second to that of Germany 
(See Box Score. Aviation, January, 
1939). With the great German war 
machine spread out over a long thin 
line and apparently digging in for^ a 

somebody, intoxicated with overconfi- 
dence, has sold Germany a two-front 
war. Regardless of the outcome, this 
provides the democracies with the most 
precious ingredient of victory, — time. 

not the best possible use is being made 
of this priceless time. 


» WE ARE TOLD that the R.A.F. 
bombing of Germany and her occupied 

definite plan in which the Bureau of 
Economic Warfare furnishes the R.A.F. 
with information on the whereabouts 
of strategic materiel, transportation 
centers, and critical manufacturing es- 
tablishments. This, and the increas- 
ing accuracy of bombing, may account 
tor the minuteness of the damage shown 
in aerial photographs of the R.A.F. ob- 
jectives taken after bombing raids have 
been completed. And we have reason 
to believe that the British have been 
very careful to conrentrate their destruc- 




» WITH THE NAZI-DESIGNED 
FRENCH AIRCRAFT PRODUC- 
TION PROGRAM just getting under- 

neering changes and improvements are 
verboten and the the French factories 
have been assigned to purely produc- 
tion work on the familiar German de- 
signs that have been used in the present 


These ships include Messer- 
t 110, Heinkle 111, and JU-5’ 
on of the latter indi«tcs the 

troop carrying in the near fu- 
Whether or not this French 


ships, will amount to anything remains 
to be seen. With the passive, and some- 
times active, resistance of the French, 
the increasing bombing accuracy of the 
R..\.F.. and the Nasi preoccupation 
with Russia, the French effort, which 
took so long to get organised, may roll 

»OUR OWN DELIVERIES 
SPURTED to 18S4 planes in August, 

turned out in August, 1940. This fig- 
ure checks exactly with our predictions 
made nine months before (Sec "The 
Truth .^bout the Defense Program" by 
T. P. Wright, Aviation, January, 
1941). These estimates call for about 
2350 per month by the end of this 
year and 2500 per month by nexl spring. 
We arc rapidly approaching Ihe level 





Pirates of Space! 


OTREAKING THE SKYWAYS hetwecn Miami, Tamps, Jacksonville and 
New Orleans like Jolly Rogers, roaming the Spanish Main, “The Buc- 
caneer Route" flies its thousand miles in a matter of hours. 

The big new Lockheed Lodestars with which National Airlines handles 
its ever-expanding traflic, arc powered with engines lubricated with Texaco 
Aircraft Engine Oil, Because of the airlines’ success with Texaco— 


THEY PREFER TEXACO 

dr More stotionory Diesel horsepower 
in the U. S. Is lubricated with Texaco 
then with ony other brand. 
ir More Diesel horsepower on stream- 
lined troins in the U. S. is lubricated with 
Texaco than with oli other brands com- 


Alore revemic airline miles in the U. S. are 
flown with Texaco than with any other brand. 

The outstanding performance that has made Texaco FIRST with the airlines 
has made it first also in Che fields listed in the panel. 

These Texaco users enjoy many beneficschai can also be yours. A Texaco 
Aviation Engineer will gl-adly cooperate in the selection of Texaco Aviation 
Products, available at leading airports in the dS States. Phone the nearest 
Texaco distributing plant, or write: 

The Texas Company, Aviation Division, 1}5 East 42nd Sc., N. Y., N. Y. 


are lubricated with Texaco thon with 
any other brand. 

dt More revenue oirline mites in the If.S. 
ore flown with Texaco thon with any 
other brand, 

dr More buses, more bus lines and more 
bus-miles ore lubricoted with Texaco 
than with any other brand. 



TEXACO Lubricants and Fuels 

FOR THE AVIATION INDUSTRY 

tETURN MEIAl DRUKU PROMPTIY . . . thus helping to moke present supply meet industry's needs and releasing metal fni Hetionnl Difenie. 
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of German production as of the b^in- 
ning of the war, and we are reaching 
the point where each month's score 
should contain a higher percentage of 
combat craft. 

»ANYONE WHO BELIEVES the 
slanderous talk that has been circulated 
about the quality of our airplanes will 
be interest^ in a new book written by 
an RA.F. officer and a member of the 
British Air Ministry. In “War in the 
Air” by David Garnett, we learn that 
the author saw planes labeled "French 
Order” being uncrated as recently as 
late last spring. This means that obso- 
lete craft are still being placed in serv- 
ice by the British- There is much 
mystery, even in some of the higher 
places, about where our later airplanes 
are, but one thing is certain. They arc 
not finding their way to the front very 
rapidly. Mr. Garnett pays high tribute 
to the Lockheed Hudsons of the R.A.F. 
Coastal Command and to the Dougla.- 
DB-7s, whose range and power fits 
them admirably for night fighter func- 
tions, He believes that the war will be 
won when the R.A.F. has a fleet of 
2,000-3,000 long range bombers o£ the 
Flying Fortress type and productive 
capacity to provide replacements. 

» MR. FLOYD ODLUM has l«en 
selected by the President for the deli- 
cate task of spreading the defense job 
among small manufacturers. One of 
the discoveries Mr. Odium will make is 
that you can’t make subcontractors 
overnight. The only successful sub- 
contractors are those who have been 
trained with great patience by the pri- 
mary contractors, Qose and continu- 
ous contact between the two is abso- 
lutely essential. It can best be accom- 
plished locally and any organisation to 
handle it must be highly de-centralised- 
But with time and patience it can be 
done, and we recommend that all con- 
cerned read "Putting the Small Shop 
to Work” by Harvey L. Williams in 
.Aviation for July. 1941, to appreciate 
the problems and see how it has been 
done in New England. 

» THE AIRLINE EQUIPMENT 
PICTURE has brightened slighth- 
since the Joint Aircraft Board (.Army. 
Navy, British) has approved tlie .Air 
Transport Association’s request for 175 
planes to go into service during 1942 
and 1943, Although this replacement 
program doesn’t start until June, there 
is provision for the A.T.A. to present 
emergency needs to the Board before 
that time. Although this program is 
not by any means ideal, it is at least 
a program and it should enable the air- 
lines to make their plans ahead, sub- 
ject of course to the degree of emer- 
gency. .And it is .absolutely sound from 


die standpoint of national defense to 
make provision for a certain degree of 
airline expansion. August traffic broke 
all records at 146,500,000 revenue pas- 
sei^er-niiles, or one-third more than 
that ot the same month last year. 
Cumulative total for the first eight 
months ol 1941 is 869,967,867 passen- 
ger-miles. 

» A CRITICAL SHORTAGE OF 
MAINTENANCE MECHANICS has 
developed and will steadily become 
worse if immediate action is not taken. 
One of our editors has just returned 
from a swing around the country. He 
reports that the men with A. and E. 
certificates are in great demand. There 
are not enough civilian mechanics at 
-Air Corps depots, Naval air stations, 




airline bases, privately operated repair 
shops or in the service departments of 
manufacturers. While an unskilled man 
can be rapidly trained to do a simple 
production job in a factory, at least a 
Year is required to qualify a mechanic 
for an Airplane and Engine cerlificate- 
In their great rush to get factory jobs, 
most youngsters have taken short 
courses in private or public schools 
rather than the one or two year me- 
clianics courses. 

With the shortage of trained men now 
existing, and with the need for still 
more mechanics to maintain the new 
airplanes that are being built, it is a 
national waste to permit the facilities 
of the well-established private schools 
to remain idle- We understand that the 
CA.A. may tmin mechanics as it has 
pilots, using^, approved mechanics 
schools. We dte strongly behind this 
move but urgCr.-tthat special care be 
given in qualifying men for these 
scholarships. 
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The Machine . . .the Part . . . and the Product 



p/ieci&mt 
on these defense necessities 


Because aircraft of differing fun 


:o be created to hold these pan 


planes.fighters and “freighters"— vary assembled and tested. Lathes and mil- 
enormously in weight, landing char- lers and shapers and grinders, often 
acteristics and take-off speeds, their of extreme size, must be available. 

landing gear requirements may ■ ' 

be standardized. 

One thing, however, may be i 
[f Whatever the-'— 


And, m mailer bow fait the fmducUoii 
pace must be, le meet dial schedules else- 
where, any relaxing of precision in 
granted. Whatever the airplane, either machine work or metallurgical 
Bendix Pneudraulic Shock Struts control isdefinitelvout of thequestiqn. 

That is why the men who build 


and tieuiJ. eSeewMj will Call for machining of true pi 

.isf>Aihyniiwlim- peculiarly contoured parts. Jigs ..g—.. — 

mdcnMlnibeltner and fixtures of special design will have invariably of lop-fiight calibre. 
.iine’n'nfnefr BENDIX PRODUCTS DIVISION 


“Unhurried haste’’ means 


a VIXTIOH . OeuSat, 



» The easiest way to write .ibout avia- 
tion is to ask one expert what the dope 
is, on a given matter. He tells you 
positively just how things are, and yon 
go back to your office and write it, 
and it's very interesting. Only it’s 
liable to be wrong. 

A more conscientious writer, like this 
department, for instance, will try to 
keep from getting it wrong by asking 
a lot of experts, or at least several. But 
that doesn't work out very well either, 
because no two of them tell you the 
same thing. Thus, under the multiple- 
interview system, your contradictory 
facts cancel themselves out so that you 
have no story at all. Or, you can xortfe 
your story, putting in all the conflicting 
viewpoints. But this is confusing, 
especially to the reader, who is liable 
to cancel his subscription if you keep 
on with it. 

Discouraged over this slate of affairs, 
we recently hit upon an entirely new 
niethod of getting information. We de- 
cided to put our questions to somebody 
who knows nothing at all about avia- 
tion, For this purpose we singled out 
a girl we know, named ^^u^iel, took 



her out to a dollar dinner, and went to 
work. “What do you think about avia- 
tion ?" we asked her. 

"1 think it's terrible but not hope- 
less,” she replied. lighting one of those 
new long cigarettes. "I think the 
human race will come within a gnat's 
eyebrow of killing itself olf with air- 
planes, but not quite. Then, in maybe 
a thousand years, the airplanes will 
bring the different countries into con- 


tact with each other so that people will 
stop thinking of other people as 'for- 
eigners,' and slop fighting.” 

Not bad, we thought. Most after- 
dinner speakers would have said it in 
14 pages of ghost writing. Thus en- 
couraged, we asked Muriel what she 
thought of the air-cooled vs. liquid- 
cooled engine situation. 

"What is the difference between 
them?" she asked. 

We told her all the differences the 
engineers have been talking about, in 20 

"You mean the air-cooled one sticks 
out in the wind and the other one 
doesn’t?" she said. 

'•Well— yes,” we admitted. 

"I like the air-cooled one,” said Mu- 
riel, replacing her lip rouge, which had 
come off on an ear of com, "because 
there’s air everywhere you go in an air- 
plane. But if the other one makes the 
fighting planes go faster, they should 
use it, too. 1 think we should have bolli 

So, if our readers like this report, we 
may switch over from "well informed 
sources,” to reliably irninformcd sources. 
Most of whom, like Muriel, don't mind 
being quoted. 

» Not only arc the British telling avi- 
ation men in Washington what to do, 
and hanging British accents on them at 

ging fancy names on our planes. First 
came the Lockheed "Hudson,” then the 
Consolidated “Catalina”, and tlie Mar- 
tin "Baltimore." Now comes Douglas 
with the "Boston" bomber, and Brewster 
with its ''Berinuda” dive bomber. Con- 
solidated also has its “Liberator." Lock- 
heed’s two-engined inlerceptor is dubbed 
"Lightning”, which begins to taste of 
toast and marmalade. But the Douglas 
DB-7.\ night fighter, "Havoc” is the 
last British word; it’s the roast beef 
and Brussels sprouts. Now wc arc 
ready for the Revenge, the Glorious, ihe 
Triumphant — boy, fetch my Thesaurus. 


» As ENCINES UET BICCEK and bigger, 
the engineers try to figure out a pro- 
peller that will soak up all the power. 
To design propellers, one Itas to know 
a lot of special differentials and aero- 
dynamics and material stresses. But 
almost anybody with a nice sense of 
things mechanical can imagine a good 
prop. A good prop for those new four- 
and five-thousand horsepower engines 
would be m.iybe 40 or fO feet in diam- 
eter, something like a Dutch windmill, 



home in a plane thus equipped without 
waking the tvatch dog. ,\11 you need 
with this propeller of ours is some way 
to get your wheels down on the ground. 
Hey, Cleghorii. call in a couple of those 
engineers and have them design some 
airplane stilts. 

» RuMEMBEa .Alcock and Brown, 
who flew the Atlantic in 1919? Well, 
that was 22 years ago. Those two men 
are now Sir John .Mcock and Sir 
Arthur Whitten Brown. Sir Arthur, 
So and gmyhaired, is miffed because he 
is not allowed to fly bombers across the 
.Atlantic. He is an officer in the R.AF 
Volunteer Reserve Corps and is a 
squadron commander in the air training. 
Ills wife is a company commander in 
the Auxiliary Territorial Service, and 
his son is an R.AF pilot. 
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Flying the Atlantic 

Trans-Atlantic flights are now a daOy occurrence. Pan Amer- 
ican Airways pioneered scheduled operations on this route and 
developed the basic flight techniques now in general use. This, 
the first of three articles on PAA operations, describes the mul- 
tiple flight crew and how it is trained. 


O N May 27, 1939, when the Yankee 
Clipper headed eastward on the 
inaugural flight of the Transatlantic 
Clipper service, Pan American techni- 
cians had a rather full and respectful 
knowledge of the physical difficulties 
they would encounter in their new oper- 

For more than five years, Pan Ameri- 
can meteorologists had been making 
special studies of Atlantic weather, 
had participated in field trips to Iceland, 
Greenland and Labrador. They had by 
1939 been preparing daily transatlantic 
weather maps for more than two years. 
In 1937 five final survey Bights gath- 
ered further weather data and informa- 
tion on landing conditions along the 
routes under consideration. 

Using the most advanced long-range 
transport aircraft yet developed, it was 
still in 1939 impractical to negotiate the 
distances involved in an Atlantic cross- 
ing without one or more refueling stops. 
The geographical mileages between is- 
land stations available for such purposes 
are generally as formidable as the 2,402 
miles between San Francisco and Hono- 
lulu, the longest sector of the trans- 
pacific airway. It is 2,020 miles from 
Bermuda to the -Azores. It is 2,397 
miles from New York to the Azores. 
It is 3,118 miles from Bermuda to Lis- 


geographical requirements are many 
factors of weather and climate, more 
severe than any previously encountered 
in air transportation. Over any possi- 
ble North Atlantic route strong westerly 
components feature the prevailing winds 
during all seasons of the year. One 
westward crossing was actually to be 
made in 1940 in the teeth of headwinds 
which averaged 41.9 miles per hour. 
Wliile wind conditions are not always 
so difficult, the accomplishment of west- 
ward passages is always far more of a 
task than Bights made eastward. 

.\dded to this pattern of prevailing 
westerly winds are storm areas of high 
frequency and varying intensity. 

Weather in New England and the St. 
Lawrence Valley is proverbially the 
most variable and storm-featured in 
North America. Characteristically, to- 
day's weather in these regions is to- 
morrow's weather over the western 
North -Atlantic. Affecting this phe- 
nomena (unfavorably) are movements 
of air masses southeastward from the 
Greenland ice cap, and northerly from 
the hot, moist, southern regions of the 

The transatlantic airway is higher in 
atitude than the easternmost sec- 
e transpacific route. CHmatologi- 






Messerschmitt Menace 

Designed ior increased performance at high altitudes, the new Me 109F is anned 
with a Mauser cannon capable of the formidable rate of fire of 900 rounds per minute. 


I N its newly modified sinple-scat 
fighter, the Messerschmitt Me !09F, 
Germany has installed a potentially tor- 
midable weapon in the shape of a 20 
mm, Mauser cannon which is reported 
to have the phenomenal rate of fire of 
900 rounds per minute. This, together 
with the two 7.92 mm. Rheinmetal- 
Borsjg machine guns, comprising its 
total armament (although provision is 
also made for a 5a0 lb, bomb slung 
between the landing gear), gives the Me 
I09F a weight of fire approximating 
that of the latest cannon-equipped Hur- 
ricanes and Spitfires. 

The Mcsserschmitt's armament is 
short-winded, however; only 200 rounds 
being supplied the 20 mm, cannon, suffi- 
cient for 13| seconds continuous firing 
(a 15 mm. Mauser in the Me I09F2 
probably carries more ammunition), and 
500 rounds each for the two machine 
guns, which is considerably less than 
what the British fighters carry. The 
cannon is belt-fed from an ammunition 
box housed in the right wing, and is 
electrically cocked and fired. Appar- 
ently reliable, its amazing rate of fire 
equals that of the .50 Browning ma- 
chine guns used by the R.A.F. in the 
Boeing Flying Fortresses. Aiming is by 
means of a reflector sight, described by 
British sources as rather inferior. 

A sound, well-constructed airplane, 
the new Messerschmitt is powered by a 
12 cylinder Mercedes Benz DB, 601 N 
engine which develops 1,150 hp. at 2.600 


r.p.m. at take-off, and at 16,500 ft. is 
rated at 1,050 hp- .^n increase in power 
of about six percent over the earlier 
DB. 601 -A at all heights has been 
achieved by changing from concave to 
fiat-topped pistons which raised the 
compression ratio from 6.9 to 7.9. This 
has resulted in increasing maximum 
speed at 13,500 ft. from 35-1 to 362 
m-p-h., and at 21,000 ft. top speed is 
380 m.p.h. The ceiling has gone up 
from 36,000 to 40,000 ft., although it 
is doubtful whether the pilot could 
operate at that altitude without a pres- 
surized cockpit, about which reports 
make no mention. Tests carried out by 
Boeing Aircraft have indicated that it 
is as difficult to breathe at 40,000 ft. 
with an oxygen ntask as it is at 18,000 
.without one because the rarified atmos- 
phere cannot supply sufficient lung pres- 
sure. Moreover, without a pressurized 
cockpit, and so far none has been known 
to be incorporated in a fighter plane, 
the pilot dying at such extreme alti- 
tudes is subject to "aeroembolish”, sim- 
ilar to the diver's “bends", especially 
in a fast combat plane which climbs 
and descends at great speeds. 

Apart from minor alterations, few 
changes have been made in the fuse- 
lage construction. Such as have been 
made, however, have increased its length 
by three feet to 29 ft., 8 inches. A new 
rudder, larger spinner, through which 
the cannon protrudes, and the re-ar- 
ranged oil tank are the principal changes 


contributing to greater length. A fixed 
cantilever tail plane has replaced the 
antiquated adjustable braced tail plane 
of the Me 109E, and instead of trim- 
ming tabs, small adjusting labs, which 
can be set on the ground, are provided 
on the elevators. The landing gear 
retracts outwards into leather-walled, 
zipper-fastened wheel wells, while the 
tail wheel retracts only partly, leaving 
half the wheel projecting. 




reveoled to be 
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in a larger airplane, such as the Beau- 
fighter or the Douglas DB-7 Havoc 
used in R.A.F. night fighter squadrons, 
which would be capable of carrying suf- 
ficient ammunition to supply several 
such guns. 

The specifications of the Messer- 
schmitt Me 109F, powered by a Mer- 
cedes Benz DB. 601 N 12 cylinder 
engine, as reported from England, are 
as follows: 

Span .33 ft 

Length 29 ft 8 in. 

Height (to mid point of spimicr) .7 ft. 1 In. 

Wing area ' 186 sq.ft 

Aspect ratio 5,85 dihedral 

Wing loading 36.6 Ib./sq.ft 

Weight empty 4,740 lb. ( , 

Gro« wdght. eicTO Ib. I 

Maximum speed (at 21,000 hi . .380 m.p.h. 

Range (at 307 m.p.h.) 370 miles 

(at 262 m.p.h.) 600milc5 

Service ceiling 




Alt interesting feature is the Sperry- 
type blind flying panel. A master com- 
pass, connected to a repeater dial on the 
instrument panel, is installed in the rear 
fuselage. To protect the pilot, an 8 mm. 
armor plate curves forward and over 
his head from the rear cockpit bulkhead. 
Drag has been decreased somewhat by 
lowering the cockpit cover and stream- 
lining it more. 

The "L" shaped fuel tank, consisting 
of a rubber bag housed in a plywood 
casing, is situated behind and under the 
pilot and is protected by armor plate 
10 mm. thick placed in front of it. 
Capacity of this tank is 105 gallons. 
An extra fuel lank may be slung under 
the fuselage in a bomb rack. 

Wing span has been increased nine 
inches to a total of 33 ft., with an area 
of 186 sq.ft, as against 176.5 sq.ft, of 
the older model. The curved tips, two 
feet one inch long on each wing, which 
modify the former rectangular wing 
tips, are suspected by the British to be 
a sly Nazi stratagem to confuse the Me 
109F with the Hurricane, rather than 
to serve a real technical purpose. Taper 
ratio remains about the same. 

Perhaps the most interesting feature 
of the wings is the re-arrangement of the 
radiators' -and flaps, and -a -kind of 
boundary layer ducting over the radiat- 


ors. Because they are now deeper in 
the wings, the radiators project only 
slightly below Ihe under surhice. .As 
shown in Fig. 1, the boundary l.aycr air 
i.i picked up in the duct just forward 
of the radiator, over which it is led, and 
discharged through the hollow upper 
flap. This top section moves up. nor- 
mally, when the under section is low- 
ered, thus controlling the air flow and 
preventing a change in lift. On land- 
ing, the lop flap drops and the lower 
moves progressively ahead of it at a 
greater angle, and so maintains the 
cooling Dow through the radiator- A 
small auxiliary flap at the lower leading 
edge of the radiator duct prevents stall- 
ing of the air at the Up w-hen the rear 
flap is lowered. 

The new cooling system, affords a far 
belter iluct than before, a large expan- 
sion on entry and low velocity cooling 
with sufficient control, A third radiator 
is installed under the engine. 

Several details of the power plant 
have been altered ; the oil tank has 
been removed from behind the engine 
and placed atop of the reduction gear 
where iormerly the glycol header tank 
was installed, and the header lank has 
been halved and placed on cither side 
of the crankcase- Changing of the en- 
gine lias been facilitated by Ihe change 
in position of the oil tank, for there 
arc now no oil pipes to disconnect. 

The supercharger air intake is bigger, 
and to gel a belter flow it has been set 
farther from the fuselage. A constant 
speed propeller governor prevents over- 
reving of the engine in combat man- 
euvers, and a cut-out is provided so that 
the propeller can be used either as a 
fixed pitch or manually controlled type 
for cruising speed. 

Although the Mauser cannon is the 
new Messerschmitt's outstanding fea- 
ture, its real efficiency would be obtained 





War Bird Brooder 


All the experience and "know how" of Douglas production engineers 
have been utilized in designing the great blackout plant at Long Beach. 

By Charles F. McReynolds Podfic coast editor. Aviation 






DiF Loop 

Navigational Techniques 

Continuing a basic discussion on the principles and use of direction finding equipment 


By C. H. McIntosh Insfrucfor in Charge, Chicago Pilot Training School, American Airlines, Inc. 


Part II 


I F there is any salient advantage in 
the use of ilie aircraft direction dnder 
over the several other commonly used 
methods of navigation, it is the esscn> 
tial simplicity of direction finding tech- 
nique. This, combined with the naviga- 
tional flexibility and accuracy which the 
direction finder affords, should make 
some form of this equipment a ‘‘must’’ 
item on any airplane engaged in extend- 
ed cross-country fllght. 

For all practical purposes a radio 
bearing can be considered as merely nn 
extension of a visual line of sight. Once 
this basic idea is clearly recognised, the 
application of direction finding tech- 
niques to aircraft is readily grasped. 

Almost everyone, for example, has 
observed a surveyor at work. An in- 
strument termed a transit is used which 
consists primarily of a telescope and an 


asimuth scale. The instrument is al- 
ways set up so that the 0 deg. of the 
scale indicates north. The telescope 
may be turned through 360 deg. and the 
direction of any line of sight can be 
read in degrees from north on the 
azimuth. 

The relationship of the surveyor’s 
transit to the radio direction finder 
should be readily apparent. Except that 
the direction finder's azimuth scale has 
its 0 deg. point aligned with the air- 
plane’s nose instead of north, the scale 
in each instrument serves the same pur- 
pose. It has already been explained 
how hearings relative to the airplane’s 
nose may be converted. The loop null 
position takes the place of the telescope 
and furnishes directional radio bearings 
instead of visual bearings. 

Since this close relationship exists 
between surveying and radio direction 
finding, it is not surprising to find that 
many of the same principles are applic- 


able to each art. Likewise, since the 
marine navigator's pelorus is nothing 
more than a special adaptation of the 
transit for marine navigation, a large 
portion of aircraft direction finding 
technique has been taken from marine 
practice with the pelorus. This is par- 
ticularly true with respect to obtaining 
a fix by means of bearings. 

It should not be assumed, however, 
tliat the navigational applications of 
aircraft radio direction finding com- 
pletely parallel those developed for visual 
bearings. Recent, advanced develop- 
ments of the automatic, visual indicat- 
ing radio compass come nearest to 
accomplishing this. Aural null direction 
finding equipment, how'ever, as distin- 
guished from the radio compass, cre- 
ates certain types of navigational prob- 
lems which are completely avoided with 
either visual or radio compass bearings 
(see -Article I in the Sept, issue of 
AviatioK- for the difference between 
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radio compasses and direction finders). 

As commonly used, the aircraft aural 
null type radio direction finder affords 
the pilot or navigator with an easy 
means of resolving four basic types of 
navigational problem. These are: 

A. Orientation in relation to a radio 
station. This consists mainly of elim- 
inating the 180 deg. ambiguity of bear- 
ing common to direction finders. By 
definition a radio compass does not have 
such ambiguity and therefore eliminates 
the need for orientaKon problems. 

B. Homing. By definition homing is 
considered as flight toward a radio 
transmitter while using a null signal 
maintained on that station for direc- 
tional guidance. 

C. Running Fix. This consists of 
determining the geographic position of 
the airplane at any desired instant by 
taking successive bearings at strategic 
intervals on one radio station. 

D. Instantaneous Fix. This is a de- 
termination of the airplane's geographic 
position by taking two or more bearings 
in rapid succession on different radio 
stations. 


Mention has been made in a previous 
article Chat radio direction finders as 
distinguished from a radio compass 
furnish only a line of bearing through 
the position of the airplane and the 
radio transmitter upon which a null is 
being obtained. In other words, when 
a null signal is obtained on a transmit- 
ter, the general direction of whicli is 
uncertain, a choice exists between two 
bearings exactly ISO deg. apart. The 
double null pointer on the azimuth scale 
provides a constant reminder of this. 

This characteristic of the direction 
finder necessitates some orientation 
procedure to determine which of the 
two readings on the azimuth scale is the 
correct bearing on the station. 

Referring to Fig. 1, it will be evident 
that the whole secret of loop orientation 
is in the relative motion of airplane and 
transmitter. Actually, any airplane in 
flight is always moving forward in re- 
lation to a stationary ground transmit- 
ter: or expressed differently, the move- 
ment of tlie airplane is always tending 
to place the transmitter behind the air- 
plane. A little thought will make it 
evident that this Is true regradless of 
the airplane’s course or position with 
respect to the transmitter. In terms of 
relative motion it is perhaps easier to 
think of the airplane as stationary and 
the transmitter always moving back- 

Viewed in this manner, then, if a null 
signal is maintained on a transmitter by 
rotating the loop while the airplane 
holds a steady heading, the null pointer 
moving bacJrtvard from the airplane's 



nose iniLst point to the Iranstnitler. 

Fig. 1 shows this clearly. Two as- 
sumed flight paths past a transmitter 
are indicated; A with the station to the 
right, and B with it to the left. A 
steady heading is being held. The 
double pointed arrows represent the 
typical double null pointer. 

In both cases the indication of the 
null pointer is shown for three positions 
of the airplane as it moves forward in 
relation to the station. At position 1, 
the direction of the station is unknown, 
and thus the null bearing is 180 deg. 
ambiguous. At positions 2 and 3, the 
change in null pointer indication reflects 
the relative movement of airplane and 

that the null pointer which correctly 
Indicates the station bearing, moves 
back from the ariplane's nose toward the 
tail. Thus, the right pointer indicates 
the station to the right at A. and the 
left pointer indicates the station to the 
left at B. 

While it is perfectly possible to re- 
solve the 180 deg. ambiguity of the 
loop without a more formal procedure 
than ascertaining the motion of the null 
pointer, a more positive method is 
recommended. For example, although 
the correct relative motion exists, it is 
impossible to obtain null pointer move, 
meni if the station happens to be di- 
rectly on the nose or tail. Likewise, 
the angular change in pointer indica- 
tion will be very slow whenever the 
original null bearing on the station is 
near the nose or tail. Since the angular 
change in pointer indication is most 
rapid when the null is in line with the 
wing tips (90 deg. to the longitudinal 
axis), it is most advantageous to start 
any loop orientation from this initial 
position. 


Loop Ortenlahon — 

Pointer Proereuton Method 

Fig. 2 illustrates a loop orientation 
procedure favored by airline pilots. It 
embodies in all respects the principals 
explained in the foregoing paragraphs. 

Assuming that the position of the air- 
plane in relation to the station is un- 
known, either position 1 or 4 in the 
diagram is possible with the line of 
bearing illustrated. To orientate, the 
following simple procedure is sufficient: 

1. Rotate the loop in order to align 
the null position with the airplane's 
lateral axis. The null pointer will read 
90-2?0, 

2. Execute a standard rate turn either 
right or left until a null signal is again 
picked up. This momentarily places 
the airplane exactly broadside to the 
station as in positions 2 and 5. Note the 
airplane'.? heading. 

3. Continue to fly this heading as 
close as possible* while at the same 
time rotating the loop as re(|uircd to 
hold the null signal. 

4. Whichever null pointer moves 
away from the airplane’s nose indicates 
the direction to the station. .At posi- 
tion 3 it Is evident that the right pointer 
indicates the station is to the right; at 
position 6 the left pointer indicates the 
station to the left. 

The advantages of this procedure are 
obvious. It is rapid and positive. It is 
ideally suited to transport work since 
a minimum of airplane maneuvering is 
required. 

The disadvantages are not quite so 
apparent. However, in a small air- 
plane carrying only one pilot, it may be 
difficult to maintain a steady heading 
(Tnrn la page 148) 
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Simplified Cruising Control 

A Method for Constant B.M.E.P. Airline Operation 


By Allan A. Barrie, Wezfew Ah Lhes and John B. Cutting, ProH & whstney Ahcruft 


I NTRODUCTION of the constant 
speed propeller has made It possible 
to operate aircraft engines at constant 
B.M.E.P., which results in substantial 
operating economics. Several airlines 
use the constant B.M.E.P. method of 
operation, varying the propeller pitch 
and carburetor throttle opening and 
mixture control to attain the desired 

vide the operating crews with data 
easily used in the cockpit of the plane 
which would make it possible for the 
desired constant B:M.E.P. to be main- 
tained under all Right conditions. 

When Western Air Lines brought its 
power plant equipment up fo date with 
Pratt & Whitney Twin Wasp R-1830 
S1C3-G engines, it was decided to 
hritig the operating technique abreast 
of the equipment. In the past most air- 
lines have followed .an operating pro- 
cedure somewhat along the lines de- 
scribed by E. T. Allen and Dr. W. 
Bailey Oswald, in a series of articles 
entitled “Operation nt Desired Cruis- 
ing Conditions”, published in Aviation 
magaiine in February and April. 1934. 
At the time these articles were pub- 
lished the constant speed propeller had 
not come into the picture. The intro- 
duction of the constant speed propeller 
has separated the interdependence of 
manifold pressure and r.p.m., and al- 

quantities in achieving tlie desiretl 
constant B.M.E.P. 

it must be understood that the ideal 


condition is to operate, not only at a 
constant B.M.E.P., but at the highest 
B.M.E.P. which the fuel normally used 
will permit. Of course we are not in- 
terested in B.M.E.P. as such. What 
wc want to do is to translate engine 
power into airplane performance over 
the usable range of the equipment. A 
concrete illustration will assist us in 
visualising tills problem. 

The Right from Los Angeles, Calif., 
to Las Vegas, Nev., a distance of 232 
miles, is scheiluled by Western Air 
Lines to consume 1 hour and 35 min- 
utes, using Douglas DC-3 airplanes 
with the Pratt & Whitney Twin Wasp 
engines previously mentioned. Wc di- 
vide this Right into seven parts, as 
shown in Fig. 1. as follows; 

X-.^ From blocks to takcnslT point 
.A-B Take-off and climb to 500 ft. 

B-C Cruising Gimb 
C-D Cruise 

D-E Cruising descent to 500 ft. 

E-F Approach and landing 
l'*-Y Taxi to blocks. 

The Rrst three phases of the Rigin. 
because of their fixed procedure, do not 
offer the pilot a means of controlling his 
time of arrival at destination. In fact, 
variations here that are outside of the 
pilot’s control must be deferred to the 
later portions of the flight which are 
amenable to control. A late passenger 
delays the departure from the blocks. 
Traffic conditions may hold the plane 
on the ground several minutes longer 
than is allocated to “no progress" time. 


Up to the time tlie airplane reaches 
cruising altitude nothing can be done 
to make up for these delays. 

However. Western Air Lines’ pro- 

the effect of these delays. Nine minutes 
is allowed in the schedule for taxiing, 
take-off and climb to 500 ft., with a 
half-turn bringing the plane even with 
the field and headed on the route. Ter- 
rain conditions dictate a minimum 
cruising altitude so the climb is stand- 
ardized and it can be predicted that a 
19-minute cruising climb will bring us 
to point “C” in Fig. 1, which is over 
Palmdale, Calif. Up to now the pilot 
has been following a procedure which 
is not varied. Hence. 28 minutes after 
leaving the blocks, the airplane is at 
U.OOO ft. and 46 miles (plus or minus 
the wind) on its way. This procedure 
simplifies the calculating required of the 
crew during the early stages of the 
flight. After this point cruising con- 
trol can be exercised. We must make 
the next 206 miles in the remainder of 
the time allowed. This distance in- 
cludes cruise, descent and approach, all 
involving variations in the speed of the 
airplane. 

Here another practical short-cut. 
proven over long experience, is used. 
We consider the remainder of the trip, 
including approach, and taxiing, to be 
the same as continuous cruise. In Fig. 
1 the total time consumed in descent 
[D-E), approach (E-F), and taxiing 
[F-Y) is the same as though the cruise 
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Structural Features of Beads 

How to use beads in aircraft construction and when not to use them. 

By F. R. ShSnlBy, Chief structures Engineer, Lockheed AIrcruft Corp. 


T he design of modorn “stressed-skin'* 
airplane structures centers around 
the problem of stiffening the relatively 
thin sheet which must be used. The 
most common method of stiffening in- 
volves the attachment of separate 
stringers, frames, or other members, in 
such a way as to reduce the “unsup- 
ported" areas of thin sheet. In many 
cases, however, it is possible to make the 
sheet serve as its own stiffener by form- 
ing a head in it. This type of design 
is of course weli adapted to quantity 
production, as it eliminates the use of 
many small members, as well as the 
riveting or spot-welding operations that 
would be required to attach them. 

Since the bead, unlike the separate 
stiffener, destroys the “planeness" or 
continuity of the sheet, it must be used 
with caution, This is perhaps one of the 
reasons why it still seems to be neces- 
sary to develop beaded structures by the 
"cut-and-try" process. A few simple 


principles can be stated, however, and 
their observance will at least eliminate 
some of the more inefficient applications 


The two main types of loading for 
which thin sheets must be stiffened are 
normal loading (load applied at right 
angles to sheet) and camfressiOH load- 
ing (compression stresses acting in the 
plane of the sheet). Both types tend to 
make the sheet bend out of its original 
plane. Since a thin sheet has very little 
resistance to such bending something 
must be done to increase the "effective 
thickness" of the slieeL 

The presence of compression stresses 
in the plane of the sheet causes a "col- 
umn” action tending to buckle the sheet. 
To obtain a relatively high buckling 
stress the sheet must he broken up into 


These two papers covering 
vridely-diilering aspects of a 
single subject provide an illum- 
inating dlscuB^on of beads os 
used to strengthen sheet metal 


narrow panels by means of stiffeners 
or beads. The ultimate strength of such 
a compression panel will then depend 
largely on the column strength of the 
stiffener or bead, which in turn involves 
two types of column failure. 

In column failure of the primary type 
the action is one of bending over an 
appreciable distance (between sup- 
ports). Hence the objective is to in- 
crease the moment of inertia (or radius 
of gyration) of the cross-section. This 
indicates the use of a deep bead, which 
would require a large radius. But col- 
umn failure of a "local" or "crushing" 
type is also possible. The objective in 
this case is a low value of R/t (bead 
radius over sheet thickness), indicating 
the desirability of a smalt radius. The 
optimum design therefore involves a 
compromise in which the strength 
against each type of failure is approxi- 
mately the same. 


In the case of pure compression 
stress it is taken for granted that the 
bead should be placed in the direction 
of the stress; to do otherwise would 
make matters worse, as shown in Fig- 
ure 1. Figure 2 shows the correct use of 
a bead for the case of pure compression. 
Note that a flanged edge (Figs. 2b and 
2c) serves much the same purpose as a 
bead. Figs. 2b and 2c also illustrate 
"external" and "inlernal” beads, re- 
spectively. The choice between these 
two types is largely a matter of pro- 
duction considerations. 

Before taking up general types of 
loading, it might be well to emphasize 
the fact that wrinkles in Rat sheets are 
caused entirely by compression stresses 
and not by tension stresses. The fact 
that the maximum compression and ten- 
(Tum to page IW) 




A V I A T I O R , Oeufeo, 


Hydro-Pressed Beads 

The technique of forming beads in sheet metal for greatest efficiency and economy. 


By J. A. PStriS, Lockheed Aircraft Corp. 


in aircroit construction oU tbe 
way from basic theory and de- 
^gn problems to the most prac- 
tical and econoaucol methods 
of forming such beads. 





terfal over the crest of a half-round 
strip placed on the block, as shown in 
Fig. 1. 

In the actual forming of the beads 
the following conditions prevail and ac- 
count for the difference in forming in- 
ternal and external beads. On the 
downward stroke of the ram of the 
hydro-press the rubber strikes the high 
point X (Fig. 1) locking the metal to 
the form block at these points. As the 
ram continues its travel this locking is 
extended over the entire bead thus caus- 
ing stretch to take place between X 
and X and in the direction of Y and Z 
in Fig. I. 

In Fig. 2 this same locking action 
takes place at points C - C whicli means 
that the metal between C - C has to 
stretch to form to the depth D. There- 
fore, the elongation is obviously differ- 

It may be noted that the depth to 
width ratio of an internal bead should 
be L lo 4.47. Another way of describ- 
ing the bead is to say that the radius 
of the bead should be three times as 
gre.nt as its depth. See Fig. 3. 

(Turn to page 170) 
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Ten-fold Expansion 

Further details od how Eclipse Aviation prepared 
ior defense by expanding its facilities 

By SldnSy H* Wsbstsri Ecllpie Aviation Division, 
dendin Aviation Corp. 


Part II 


T o obtain maximum production out- 
put from machine tools, it bos beei: 
found that by heat treating steel parts 
to obtain the best machineability for a 
particular operation, higher operating 
speeds and increased cutting tool life 
could be obtained and setup time corre- 
spondingly reduced. To provide the 
necessary heat treating processes for 
these machine operations and to expe- 
dite the rapidly increasing production 
of parts requiring heat treatment, addi- 
tional large heat treating furnaces of 
the continuous belt conveying tytpe and 
the continuous pusher type have been 
obtained. (Fig, 1.) By this continu- 
ous method of heat treating, sufficient 
parts can be properly heat treated 
to correspond with the output of the 
new and improved machine tools, 
thereby maintaining a continuous in- 
line production system without the 
subsequent delay in machining opera- 
tions of heat treated parts, which was 
previously present due to the former 
types of heat treating equipment. 

1'he additional advantages of the con- 
tinuous type heat treating furnaces are 
atmospheric control to prevent scaling 


and decarburization, a decrease in the 
amount of distortion during hardening, 
and the elimination of pickling treat- 
ments to remove scale formed during the 
hardening operation. The use of auto- 
matic temperature controls and record- 
ers which are calibrated monthly insure 
the uniformity of the heat treating oper- 
ation. Since the micro-structure and 
hardness of the steel determine machine- 
ability rate, and also conditions of sur- 
face finish, intermediate heat treating 
operations have been incorporated be- 
tween the various machining operations 
in order to obtain improved surface 
finishes and higher production output 
for machine tools. For example, with 
steel in its normal structure the finish 
of gear teeth is satisfactory for nor- 
mal purposes, but does not meet the 
rigid requirements of the inspection de- 
partment Therefore, by introducing a 
special box annealing operation before 
finished cutting of the gear teeth. Eclipse 
has been able to obtain the super finish 
on the teeth, which could not have been 
obtained without the intermediate treat- 
ment. In order to minimize distortion 
and hardening and in order to prevent 
movement of the metal during the aging 
period after finished machining, stress- 
relief-aniieal operations have been intro- 



duced between the rough cutting and the 
finished machining operations. 

Although expansion of heat treating 
facilities was one of the major prob- 
lems involved in increasing production 
output of the Bendix plsnt, installation 
of the many new types of heat treating 
furnaces and equipment have eliminated 
what might have previously been 
termed a bottleneck, thereby increasing 
production output of the entire plant. 

QuoUly Control 

The fundamental requirements of air- 
craft accessory equipment are depend- 
ability, light weight, and compactness. 
To achieve the high accuracy, quality, 
efficient operation and interchange- 
ability of integral parts, an exacting 
inspection and effective quality control 
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system are essential. A rigid inspec- 
tion and quality control system not only 
insures the manufacture of dependable 
equipment at minimum cost, but also 
provides increased production output. 

The inspection and quality control 
system employed by Eclipse Aviation in 
the fabrication of detailed parts may 
be divided into three classifications; 
inspection of purchased parts and raw 
materials, processing of parts, and gauge 
and tool inspection. All purchased 
parts such as ball bearings, springs, 
commutators, are 100 percent inspected 
by trained personnel and must be in 
accordance with specifications and con- 
form to dimensions as specified on 
Eclipse drawings- -All raw material such 
as castings, forgings, bar and sheet 
stock, are subjected to both physical, 
chemical and micro analysis by the 
metallurgical department. All other 
raw materials such as gaskets, oil seals, 
etc., are purchased from an approved 
vendor list and subject to inspection by 
either the metallurgical or production 
inspection departments. 

To assure production of finished 
parts in accordance with specifications 
and drawing requirements, all machine 
tools and fixtures are carefully inspected 
prior to issuance to the machine op- 
erator- After the machine tool has 
been properly set up, a further check 
is made by an inspector and the first 
piece subsequently produced is sub- 
mitted to the inspector for his approval 
prior to fabrication of additional parts. 
All necessary gages required for the 
machining process are supplied from a 
tool room which is responsible for 
the maintenance of accurate jigs, fix- 
tures and gages. -After each machining 


operation, parts are furnished to a de- 
partnienml inspection crib where they 
undergo a complete 100 percent inspec- 
tion, after which they arc subsequently 
routed (or the next operation. 

To facilitate and expedite inspection 
and to assure accuracy of machine parts, 
considerable new and improved inspec- 
tion equipment has been installed, fore- 
most among which are the Gisholt 
Dynetric Balancer (Fig. 2) for bal- 
ancing rotating parts both statically 
and dynamically, the Brush Surface 
Analyzer for measuring in micro inches 
the smoothness of a machined surface, 
the Toointaker’s Microscope for optical 
measurentent of thread forms, Auto- 
matic Gear Checking Recorders, Afag- 
naflux and Rockwell machines. 

Detailed inspection of parts after 
each machine operation assures the 
rejection of defective parts prior to 
subsequent machining, thereby resulting 
in a considerable saving of machine 
hours. The use of improved inspection 
methods and new inspection tools has 
made it possible to increas e the rigidity 
of the inspection system and at the 
same time adequately handle increased 
production requirements. 

PruducUOB, Assembly end Teel 

The mass production of precision- 
made mechanical, electrical, hydraulic 
and pneumatic Eclipse aircraft acces- 
sory components has been made posssi- 
ble by the segregation of products and 
manufacturing facilities into specialized 
equipment classifications under the su- 
pervision of trained personnel experi- 
enced in the manufacture, assembly and 
testing of specific equipment (Fig. 3). 

.After fabrication, detailed parts pro- 



ceed to the assembly department where 
they are first assembled into the form 
of suh-assemblies (Fig. 4) and then 
inspected prior to incorporation into 
completed units. Periodic inspections 


proper assembly in accordance with 
drawings and specificationss (Fig, 5). 
The increased quantity of manufactured 
units has made it possible to segregate 
various types of equipment with the 
result that personnel have become spe- 
cialized in the assembly of specific units, 
thereby expediting assembly procedure. 

After assembly, units proceed to the 
production test department where all 
units are subject to rigid test procedures 
in which actual conditions experienced 
in service are duplicated in the test lab- 
(Tum to page 172) 
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An Engineering Attack 
Upon Aircraft Flutter 

The author, who was loaned to C.A.A. by the Douglas 
Aircraft Corp., has written a basic article on a 
problem which is of importance to design engineers. 

By Jean Wylie Aircraff Airwerthineis Section, C^.A. 


A ircraft wing and lail surfaces 
fluiler or oscillalc spontaneously 
when the air velocity over them can 
form certain critical combinations with 
the mechanical and aerodynamic char- 
acteristics of the surfaces. Flutter is 


small amplitude oscillations as a conse- 
quence of general dynamic instability. 
Flutter is to be distinguished from large 
amplitude oscillations due to turbulence 
of flow, flow break-away due to stalling, 
and buffeting due to slipstream or tur- 
bulence effects. These latter oscilla- 
tions as well as periodic structural im- 
pulses and even gusts may precipitate 
the flutter of certain structural com- 
ponents but in general the critical air 
velocity for .flutter is not dependent 
upon externql impulses, except insofar 
as these impressed vibrations alter the 
structural characteristics. In smoothly 
flowing air the critical velocity can 
often be exceeded ; the structure will re- 
main in a stale of unstable equilibrium 
until some small disturbance upsets the 
equilibrium and precipitates flutter. 

The large number of the parameters 
affecting the flutter speed, the sensitive- 
ness of many structures to relativeJy 
minor variations of certain of these 
parameters, the inexactitude with which 
the individual parameters of a structure 
can be evaluated, and finally the ap- 
proximations of the theory of unsteady 
air flow, make impossible the exact de- 
termination of the critical velocity at 
which flutter commences. Only by 
means of detailed numerical analyses of 
many flutter calculations can the neces- 
sary experience be attained to judge 
the relative importance of the flutter 
parameters. Obviously for each dif- 
ferent mode of flutter a certain few 
structural and aerodynamic parameters 
are of prime imporunce, while the re- 
maining parameters exercise only first 
order correction effects. With experi- 


ence of this type in studying theoretic- 
ally the flutter problem refinements in 
the technique of measuring structural 
properties are possible, so that the in- 
exactitude of the properties of a struc- 
tural surface can be diminished. Finally 
the aerodynamic theory for unsteady 
air flovv has assumed sufficient compli- 
cations when applied to two dimensional 
flow that a three dimensional flow 
theory appears to be hopelessly com- 
plicated. Already enough experimental 
evidence exists, although very meager 
in quantity, to show that the two di- 
mensional theory quite closely predicts 
the critical flutter speed, if all the 
parameters are accurately known, 
I>eI«rsiliiotiOD oud Cenlrel ol Flutter 

Accurate knowledge of the paramet- 
ers Is not always sufficient assurance 
that some of these parameters will not 
vary with the age or service of the 
aircraft. Many incidences of flutter 
have occurred in aircraft which for 
considerable periods have performed 
satisfactorily prior to the accident. In 
general the principal parameters which 
vary with time are the effective and 
damping balance. Such temporal 
damping effects would seem to be con- 
fined logically to non-metallic aircraft 
structures- The deterioration effects in 
metallic structures are slow and do not 
materially affect the damping. 

Another important temporal varia- 
tion of the parameters is the change 
in control surface dynamic balance re- 
sulting from the addition of weight aft 
of the hinge line while strengthening 
control surface structures and trailing 
edges, as well as lax production toler- 
ances on the dynamic balancing of con- 
trol surfaces. 

The effect of an increase in static 
unbalance with time is graphically il- 
lustrated in Fig. I, which is based upon 


an unpublished study by R. E- Schlem- 
mcr of a large amount of statistical 
data and accident records on domestic 
and foreign civil aircraft, A lack of 
respect for, or a looseness of the toler- 
ances on the proper balancing of 
control surfaces in production generally 
results in a lowering of the critical 
flutter speed, which is only discovered 
after the occurrence of several rather 
inexplicable accidents to a particular 
model, apparently due to severe acro- 
batics or bad weather operatious. After 
the accidents temporary speed restric- 
tions or grounding action until the 
surface balance values arc improved is 
found sufficient to prevent further flut- 
ter accidents. 

Because of these effects the separate 
dynamic balancing of each control sur- 
face is desirable- From a design point 
of view this requirement would neces- 
sitate stiff balance weight design to 
allow for minor weight variations. The 
necessity of allowing an adeijuatc 
margin of safety against flutter requires 
the examination of aircraft structural 
designs to determine whether variation 
or diminution of the damping will 
eventually create an unsafe structure. 


Concurrently with the design of an 
aircraft should he made a prediction of 
its flutter characteristics, including ap- 
proximate numerical values of the 
critical velocities. By this means atone 
is possible a comparison of the rela- 
tive flutter characteristics of the basic 
design and design variations. Such 
predictions help to determine final struc- 
tural and aerodynamic properties so 
that the optimum possible flutter char- 
acteristics may be realiaed. 

That such preliminary calculations 
may be accurately and quickly made, 
experience in determining the funda- 
mental parameters and estimating prob- 
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able frequencies and relative damping 
must be attained. Because of the 
lengthiness of flutter calculations it is 
essential that approximate methods be 
used in this preliminary analysis, sup- 
plemented by charts that represent a 
statistical summary of flutter calcula- 
tions. A detailed flutter analysis can- 
not in general be simplified to any 
great extent, since it is concerned not 
only with vibration theory but also 
with the principles of aerodynamics 
and applied elasticity. 

With respect to statistical summaries 
it can be proved from dimensional con- 
siderations that the flutter velocity can 
be written in the form: 

where v denotes the critical linear ve- 
locity, f the basic reference structural 
frequency, and t the total chord of the 
reference surface. The factor k is a 
flutter speed factor that is a non-dimen- 
sional function of the mechanical and 
aerodynamic characteristics of the sur- 
face in numeric form. 

The use of such a statistical analysis 
is Justified by the success of such 
studies in circumventing tedious com- 
pulations. It is not a surprising fact 
that despite the apparent complexity 
of the flutter equations the actual 
parametric dependencies are relatively 
simple and intuitive. These facts are 
brought to light in the summary charts 
of such statistical analyses. Fig. 2 
(general chart flexure torsion flutter 
for large frequency ratios) is an ex- 
ample of such a chart for the binary 
case of flexure-torsion flutter. With 

for the aircraft designer to estimate 
quite accurately the flutter speed. Simi- 

the two binary flutter modes involving 
tlie control surface (i.e., flexure-control 
surface and torsion — control surface.* 
There is no limitation except the labor 
involved to extending such analyses to 
modes of tail oscillations. 

FlullBr Anaiysia Mathodi 

Before the available flutter analysis 
methods are surveyed the adequacy of 
the aerodynamic theory for unsteady 
flow is defined. Tlie transition from 
the two-dimensional flow (which has 
been chKked quite satisfactorily by 
some wind-tunnel research) to the 
three-dimensional flutter of aircraft is 
complicated. As in the case of die 
spanwise distribution of steady flow 
lift distribution there are cross-coupling 
terms which represent the mutual in- 
teractions of each wing section upon 
the remaining sections. The neglect 
of these cross-coupling terms is neces- 
sary niathcmatieally to minimiae the 
complications. The theory, therefore, 
can only determine a first approxima- 
tion. The aerodynamic span effect has 


fortunately been found to be very small, 
so that the first approximation is quite 
satisfactory. Theoretically, then, each 
section of a wing or a tail is assumed 
to be equivalent to an analogous section 
of a wing of infinite span. 

The principal feature characterizing 
all analyses of dynamical systems is 
that in place of the actual structural 
mechanism a mathematical model is 
studied, the behavior and properties of 
which simulate those of the actual 
structure. In flutter analysis it is nec- 
essary that this model be simplified to 
the extent that it possesses only those 
mechanical and aerodynamic properties 
which are important in the flutter 
theory. Such a model can therefore 
be made elementarily simple to facili- 
tate rapid calculations. As furtiier 
properties of the model become defined 
through the introduction of additional 
parameters, the approach to exact simi- 
larity with the aircraft structure ensues 


asymptotically- There are three prin- 
cipal methods of visualizing such a 
mathematical model : a sectional 
method, a unit body method, and a 
method of predetermined deflections. 
Combinations of these schemes are 
likewise possible. The choice of 
method is determined by the purpose 
of the analysis as well as by the avail- 
able data on the parameters and their 
status, since each method U possessed 
of special advantages. 

A wing can be represented section- 
ally as a series of small finite spanwise 
sections stilfly bound to each other and 
possessing their own inertia, air loads, 
and displacements. From a practical 
viewpoint the method of sections must 
alternate infinitely narrow sections be- 
tween the sections of finite span. 
Either these infinitely small sections 
must undergo ail the internal deforma- 
tions of the structure and supply the 
internal elasticity while the finite sec- 
tions remain rigid, or these infinitely 
small sections must be endowed with 
the inertia, loading and displacement 
properties while the finite sections 
undergo the internaJ deflections and 
supply the internal elasticity. This 
method is used in the static strength 
analysis of an aircraft structure because 
its application determines the mechani- 
cal properties of a structure. The ap- 
plication of the sectional method of 
analysis is shown graphically in Fig. 
3 for approximating the vibration of a 
cantilever wing. 

(Turn to fiage 160) 
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Ground Testing Power Plants 



By T. G. Hill 
and A. A. Joyce 

The Glenn L Moriin Co. 


F ive years ago, while The Glenn L- 
Martin Company was building its 
giant ocean transport, the Soviet Clip- 
per, the technique of engine ground 
testing was first introduced. Thus re- 
moving one more element of worry and 
risk from the life of the test pilot, the 
method was grasped by the industry 
and today is gaining wide employment. 
This article describes the technique as 
now employed by the Martin Co. 

The primary reason for the engine 
ground test is the collection of sufficient 
data to analyze the functioning of the 
elements of the power plant cooling 
system. Formerly, such testing was the 
first consideration of the pilot, even 
while he was trying to determine the 
Right characteristics of a new air- 

While the analysis is accurate only 
for the “at rest" condition of the air- 
plane, it is also a basis for reasonable 
predictions of the behavior of the cool- 
ing system under taxiing and flight 
conditions. Secondary, but none-the- 
less important, reasons for the engine 
ground test are: the opportunity to 
study the functioning of starting, con- 
trols and accessories; observation of 
vibration characteristics; accurate 
mock-up arrangement of the nacelle 
and accessory compartments, and work- 
ing tests of various equipment. 


The permanent part of the engine 
test equipment is the test stand. This 
stand is a massive steel platform ap- 
proximately 22 feet long by 19 feet 
wide supported on four sets of swivel- 
ing solid tire wheels for mobility and 
provided with screwdown jacks to lift 
the stand off the wheels. The platform 
has four heavy steel uprights to pro- 
vide support for the dummy wing struc- 
ture upon which the power plant and 
nacelle are mounted. 

Across the end of two of the uprights 
is attached a permanent operating booth 
which incloses the various instrument 
panels and operating controls and pro- 
vides accommodations for the engine 
operator and five observers. For the 
higher powered engines, two extension 
supports swing out from the front of 


the platform to provide additional re- 
straint against the overturning moment 
of the engine thrust. Included with 
the stand is a semi-permanent fuel sys- 
tem which may be fitted to any engine 
by slight alterations of the piping and 
by raising or lowering the tank to give 
the proper static head. This system 
includes the necessary strainers, valves 
and hand pumps. 

The rest of the test equipment must 
be engineered for each power plant to 
be tested. This engineering work is 
divided between the engine test group 
and the project power plant group. 

The project group engineers the en- 
gine mounting, cowling, fire extin- 
guisher, fire wall and all service and 
control connections from the engine to 
the firewall. This Assembly is one of 
the actual airplane units and is in- 
sailed on the first ship after the test 
program is complclfa. If the oil sys- 
' tern of the power plant to be tested 
has the oil tank In the nacelle, then 
the project group does the engineering 
for the oil tank installation. 

The test group does the engineering 
for oil tank insallation, if the oil sys- 
tem uses a wing ark. This insalla- 
tion is generally made with any avail- 
able lank which has at least a 20 
gallon capacity and which is suitable 


for insallation in the dummy wing in a 
location where the length of connecting 
pipe and Che satic oil head will be the 
same as that on the actual ship. 

The dummy wing upon which the 
power plant and nacelle are mounted 
is constructed of structural steel frame- 
work, wooden ribs and sheet iron skin. 
This wing section is designed by the 
test group and conforms in profile to 
the actual airplane wing. The test 
group also engineers the attachment 
of the powerpiant and nacelle to this 
structure and the attachment of this 
structure to the uprights of the test 
stand. If the ship is a land plane, 
the dummy structure is installed on the 
test stand to simulate the airplane at 
rest on the ground and will Include a 
landing gear in the down position. If 
the ship is a sea plane, the position 
simulated will be that of the plane at 

The installation of controls and instru- 
ments in the lest booth is designed by 
the test group. This installation is 
composed of four elements; engine con- 
trols, service instrument panel, air and 
exhaust pressure panel and thermo- 
couple panel. 

TTie engine controls include throttle, 
carburetor mixture, supercharger, pro- 
peller pitch and carburetor hot air door. 
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by hand to dear the cylinders of oil, 
the engine is started and allowed to 
warm up at 800 to 1000 r.p.m. 

AU running of the engine on the test 
stand is done with the propeller in low 
pitch, the carburetor mixture control 
at full rich and the supercharger in 
low blower. Except during the cowl 
flap tests, the cowl flaps are kept full 
open. When the oil has reached the re- 
quired temperature the engine is oper- 
ated for short periods of time at va- 
rious speeds up to the take-off r.p.m. 
During this test the engine is watched 
closely for any mechanical malfunc- 
tioning and excessive vibration or tem- 
perature. If everything runs smoothly 
during this mechanical functioning 
check, the engine is stopped, the oil 
changed and the oil strainer examined 
for any indications of excessive wear. 
The engine is again started and, after 
proper warm-up, is run at the Uke-off 
r.p.m- long enough to adjust the low 
pitch propeller blade selling to give the 
proper take-off manifold pressure. 

The cooling tests are made at 200 
r.p.m. increments in speed from 1000 
r.p.m. to as high a speed as the engine 
may be run without exceeding the max- 
imum allowable temperulure. Each 
run is made until the temperatures 
stabilize or until the maximum limit 
is reached. As the standard require- 
ment for ground cooling is that allow- 



partment. 

Tile, thermocouple pane! includes se- 
lector switches and potentiometers for 
the reading of all cylinder head and 
cylinder base temperatures, at least half 
of the rear spark plug elbows, and the 
following miscellaneous temperatures : 
oil in and out of engine, oil in and out 
of cooler, air in and out of oil cooler, 
cylinder cooling air for two of the 
cylinders, carburetor air, fuel at pump 
and at carburetor, magneto, exhaust 
shrouds, nacelle skin next to exhaust 
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of the plant apron where the wind 
will not be affected by the buildings 
and the slip stream will not disturb 
other plant operations. After the en- 
gine lias been turned over several times 


able temperatures shall nol be exceeded 
at 60 percent of the normal rated r.p.m., 
the first cooling run is made at this 
speed. If cooling is satisfactory, then 
runs are made at the other speeds; 
however, if the allowable temperatures 
are exceeded at 60 percent rated r.p.m., 
then corrective steps are taken before 
the cooling tests are continued. Dur- 
ing ail cooling tests complete tempera- 
ture. air pressure, and exhaust back 
(Turn la pane 150) 



most famous llliliturv aircraft. 

Fighters and bombers incorpora- 
ting Goodyear parts are now in 
active service. And these will 
rapidly increase as new facilities 
now building come info pro- 
duction. 

Our production of airplane 
wheels, brakes, tires and other 
accessories is zooming to new 
heights. Within its specialized 
field, Goodyear is now the 
nation’s leading supplier of 
airplane parts and 
accessories. 




Sufnow/ 


G .K)I)YKAK’S contribution to 
the nation’s great aviation 
program is no mere blueprint of 
things to come. It is a mass-pro- 
duction reality— todov/ 


Our subsidiary Goodvear Aircraft 
Corporation — with its long ex- 
perience in aeronautical engineer- 
ing and light metal alloy aircraft 
construction — has for many 
months been building 
tails, wings, nacelles, 
floats and other 
metal surfaces for 
several of America’s 






Warplane Specification Engineering 


Complex problems involved in submitting proposals or 
participating in design competitions for military projects 

By Peter A. Beck, Specifications Staff Engineer, 
and Richard H. Rubb, Assistant, Lockfieed Aircraft Corp. 


A ll mililary projects are coordinated 
by the airplane Specification Engi- 
neering Group from the time the man- 
agement decides to submit a proposal 
or to participate in a design competition. 
(Chart I) 

Since the airplane specification is the 
summation of the airplane as finally 
conceived, the airplane specification 
group is a logical focal point for the 
various phases through which the air- 
plane evolves, It functions as the clear- 
ing house for the engineering depart- 
ment during the progress of design and 
construetion. 

fn view of the fact that the military 
agencies must maintain stores to supply 
repair bases for airplanes in widely dis- 
tributed regions, it is vitally necessary 
that a minimum of aircraft standards 
and parts specifications be promulgated 
and that these standards be maintained 
in order that ready repair and replace- 
ment are possible. This requirement also 
applies to materials of construction 
such as sheet tube, bolts, ball bearings, 
or innumerable items, or equipment or 
finishing materials, so that if a part is 
damaged, repair can be effected at any 
base using substantially the same mate- 
rials as incorporated in the airplane in 
the plant of the manufacturer even 
though a different vendor is involved. 
It must be appreciated that some air- 
planes are in service for a period of ten 
years or more. Obviously, if each man- 
ufacturer were to machine his own bolts, 
have special screws, and provide his 
own particular clamps when a “stand- 
ard" part is available, the problem of 
maintaining these airplanes in service 
over the several years life expeclancv- 
would be magnified many times. Thus, 
it is necessary that requirements ami 
regulations be established so that the 
materials of construction and standards 
for detail parts and accessories be stabil- 
ized and standardized so that all par- 
ticipants in a design competition can 
know in advance what to expect by way 






n the 


process of being promulgated and which 
will probably be pul into effect by the 
time the competition is announced. The 
detail methods followed in procuring 
military airplanes for the Air Corps, 
Navy, Coast Guard, or Marine Corps 
are very similar, as required by law. 
This article deals with typical proce- 
dures which are followed during the 
execution of an Air Corps contract. 

When a new airplane type is believed 
necessary by our -Air Corps, the specific 
requirements relating to the proposed 
airplane are set down in a type specifi- 
cation describing what is desired in 
the way of performance, and all of the 
other functions which the airplane must 
possess for Air Corps use. The number 
of persons in the crew, the amount of 
armament to be carried, the location of 
the guns, sighting devices, bombs anci 
bombsights will be stated and installa- 
tions (for example, power plant) will 
be made in accordance with certain pre- 
stated requirements (as published in 
specifications or liaiulhooks) or as modi- 
fied by the particular type specification 
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in question- Accompanying the specifi- 
cation will be the necessary major draw- 
ings illustrating the configuration of 
the principal items which the contractor 
must install or equipment or material 
which will later be installed by the gov- 
ernment. A number of forms also accom- 
pany the specifications establishing the 
condition under which this competition 
is open, laws to be enforced during the 
fulfillment of the contract, with refer- 
ences made to specification bulletins, 
documents, etc., to which all participants 
must subscribe or make exception to 
at the time the bid is made. 

Let us assume that the data described 
above have arrived in our plant, the 
management having decided that we are 
interested in participating in the adver- 
tised competition. The Specification * 
Staff Engineer is provided with all of 
the material which arrives, including 
the government’s letter of transroittai- 
He reviews all of the material as to con- 
tent and completeness according to the 
shipping notice, and any additional ma- 
terial relating 'to 'the pirticular proposal 
is requested, A letter is then written for 
the Chief Engineer’s signature transmit- 


ting applicable portion^ of tlic maieriai 
to the various groups concerned (such 
ae the Aerodynamics Group) with a 
statement outlining the company’s posi- 
tion in regard to this particular competi- 
tion and a statement of what is desired. 
’The airplane to be submitted may be a 
modification of on existing type already 
in production or which has been In pro- 
duction ; it may be similar to an airplane 
which a competitor is making, or it may 
be an entirely new design for which no 
prototype appears to exist. 

The design of an airplane or alternate 
designs are usually proposed in very 
sketchy form. These are reviewed with 
the Qiief Engineer, the Chief Project 
Engineer, and others, and certain recom- 
mendations are made to the Chief Re- 
.search Engineer, 

Obviously, at this time there are only 
small scale drawings of the various de- 
signs contemplated and a brief descrip- 
tion usually in specification form giving 
the characteristics of the various air- 
planes. .At this stage, typical sections 
are drawn illustrating the method or 
construction to be followed, the wing 
panels, the center section, the fuselage, 
tail surfaces, alighting gear, etc,, which 
are reviewed by the structures group, 
the production experts, the weight 
group, and the estimation department. 
These drawings provide a basis for esti- 
mates of weight and cost, and balance 
calculations to verify that the first 
approximations on the location of the 
wings, tail surfaces, engines, etc., are 
correct. After the design group evolves 
details of the flight station, bombardier's 
station, bomb bay, gun emplacements, 
radio control room, power plant, etc., 
the weight group, the estimating depart- 
ment, and the specification engineer 
have accessible these new designs so 
that their work can proceed as the vari- 
ous designs evolve. Meanwhile per- 
formance calculations are carried out in 
great detail, the purpose of which is to 
establish the accuracy of all performance 
predications and to demonstrate by cal- 
culation that the various designs pro- 
posed will be satisfactory airplanes. It 
is frequently necessary as soon as a de- 
sign is crystallized to build a small scale 
wind tunnel model of the proposed air- 
plane or a portion of the proposed air- 
plane, to investigate drag, turbulence, 

Very careful attention must be paid 
to the emphasis which the government 
places on certain aspects of the design. 
For example a pursuit ship has quite 
different requirements from a trainer. 
Therefore, high speed may be 30 per 
cent of the total evaluation in one air- 
plane and only 10 per cent of the total 
evaluation in another. There are as 
many as ten factors each with a differ- 
ent weight or value which must be fol- 
lowed by the designer as the criteria for 


developing the airplane desires! from 
that competition. 

The government has recently divided 
the development of a new type into three 
or more stages. (Chart if.) Normally, 
Stage One is the design data described 
briefiy above. Stage Two is material for 
general design and release by the Pro- 
curement .Agency. Stage Three is detail 
design and construction. It can be ex- 
pected that if the various designs sub- 
mitted by the various contractors fail to 
meet the desires of the Air Corps engi- 
neers, the project is dropped. If on the 
other hand, one or more designs appear 
meritorious, an award can be made lor 
preliminary material and contracts let 
for Phase Two. The bidder (or bidders) 
succeeding in reaching the second phase 
will be given a certain sum of money 
to build a mockup and to engineer ready 
for detail design and construction of the 
airplane or airplanes chosen by the Air 

When Stage Two is reached, the proj- 
ect is headed by a Project Engineer and 
he will be given a number of men of 
considerable experience whose choice 
shall anticipate that they become the 
group engineers in the event Phase 
Three, the construction of the airplane, 
is finally entered upon. These men will 
proceed to study available materials of 
construction and methods of handling 
these materials to arrive at the most 
satisfactory design compatible with the 
facilities of the manufacturer, the prac- 
tical requirements of the airplane, and 
the status of the art. 

To return now to Phase One; between 
60 and 90 days are available for the 
carrying out of the work required for 


the first submission of data. Obviously, 
close coordination is necessary and the 
people immediately concerned must be 
the minimum in number and the most 
skillful designers and coordinators that 
the company has at its disposal. Deci- 
sions must be based on careful, factual 
analyses and questionable items are dis- 
cussed with various experts within die 
company. An idea of the amount of work 
involved may be gained when it is 
realized that as much as 1,000 pounds of 
data are submitted to complete the re- 
quirements of Phase One on an airplane 
of medium size. Performance analyses, 
for example, on a new airplane will 
sometimes involve 300 pages of closely 
typed material Full knowledge of the 
Air Corps Handbook of Instructions 
for Airplane Designers and many asso- 
ciated bulletins, specifications, etc., are 
required. 

■The weight department brings to 
bear its experience gained in airplanes 
of similar configuration, Similarly, the 
estimating department in determining 
the cost of the first airplane and the 
plotting of the curve which will amortize 
the tools, engineering costs, and other 
overhead, must be kept informed of the 
progress of the design by the Specifica- 
tion Staff Engineer, Obviously, if the 
airplane is a minor modification of an 
existing type, the company is in a better 
position to substantiate all claims and 
will know by experience the cost of the 
airplane and its component parts. On 
the other hand, if the airplane is vis- 
ionary and requirements are such that 
the experience of the engineers must be 
extrapolated through some considerable 
(Ten Id page 177) 




Engine Air Filters 

The British have uncovered a real problem in keeping dxist and 
sand out of their carburetors in their Middle East operations. 
Similar conditions might sometime confront our own Air Corps. 
To alleviate this problem the following work has been done. 

By Williaa K. Gregory, Otvision Mofluger, American Air Fllier Company, Inc, 


T he need for air filters for the pro- 
tection of airplane motors has been 
recognieed by the British for several 
years. Planes operating in the deserts 
of Africa are subjected to severe dust 
conditions when taking off in formation, 
and are frequently required to fly 
through dust clouds for a considerable 
length of time. 

In the United States we had no acute 
dust problems as long as our air activities 
were limited to commercial planes and 
a relatively small number of army and 
navy planes which used well paved 
runways. With our expanding air force, 
however, it was necessary to use more 
and more temporary airports with un- 
paved runways. Even where paved run- 
ways are available, planes taking ofl 
in formation generally use some of the 
unpaved portion of the field and a con- 
siderable amount of dust is picked up 
by the planes in the lead which goes 
into the engines of the planes following- 
Many problems are encountered in 
cleaning air for airplane motors which 
do not occur in the application of air 
filters to automobiles, trucks, tractors 
and large stationary Diesel and gas 
engines. Oil bath air cleaners which 
have been used with great success on 
other engines are ruled out Immediately 
due to their weight and the fact that oil 
would spill out in maneuvering the 
plane. Dry type air filters would re- 
quire frequent replacement, and the 
problem of providing these replacements 
during actual warfare makes them un- 
desirable. So the type of filter which 
can be successfully used narrows down 
to the washable viscous impingement 
type, which cleans air by bringing it 
into forcible contact with oil-coated 
baffles. 

Having narrowed our problem down 
to this one type of filter, however, we 
are still far from a solution to our prob- 
lem. After years of experience it has 
been determined that the best all around 
performance can be obtained by using 
n viscous impingement filter which is 
in. thick and by limiting the velocity 
of air flow through the filter to 350 


f.p.m. maximum, A filter for an air- 
plane, however, must be as small and 
as light in weight as it is practical to 
make it; consequently it was necessary 
to depart from standard practice and 
conduct some special research aimed at 
developing the most practical air filter 
for airplane service, It is obvious that 
the ideal filter would have the following 
characteristics : 

(1) Minimum size — .that is the ve- 
locity of air flow would be increased to 
the maximum permissible velocity, and 
the thickness of filter reduced to the 




(2) Highest possible average clean- 
ing efficiency, 

(3) Minimum rise in resistance with 
dust accumulation. 

(4) Maximum dust-holding capacity 
consistent with maintained high clean- 
ing efficiency and permissible rise in 

We arbitrarily limited our research 
to two thicknesses of filler — } in. and 
2 in. — as a thickness of i in, appeared 
Co be the minimum practical thickness 
and 2 in, the maximum thickness we 
could hope to find room for in an air- 
plane. The tests recorded indicate the 
performance of the most satisfactory 
I in. and 2 in, filters we were able to 
develop after making 8 or* 10 test 
samples of each thickness which em* 
ployed various types and arrangements 
of filler media. 

Fig. 1 indicates the performance of 
the 2 in. thick filter at velocities of air 
flow of 3S0 f.p.m. and 200 f.p.m., and, 
by comparing these curves with those 
of a j in. chick filler, the superior per- 
formance of the thicker filter was 
clearly indicated. It is Interesting to 
note that on both the } in. and 2 in. 
thick filters, the initial cleaning effi- 
ciency was higher when the air velocity 
was 700 f.p.m, than when it was 350 
f.p.m., but that cleaning efficiency 
dropped much more rapidly at 700 f.p.m. 
with dust accumulation. 

Figure 2 shows the comparative per- 
formance of two i in. thi^ filters and 
one 2 in. thick filter, with an air ve- 
locity of 600 f.p.m. through the filter 
cell. This velocity was selected for these 
tests after conference with officers of Che 
Army Air Corps who have tentatively 
established 600 f.p.m. as the maximum 
velocity they will permit on army planes. 
The test dust employed in the tests 
recorded in Figure 1, was Portland 
cement dust, the analysis of which is 
given in the Supplementary Data at- 
tached. The test dust employed in tests 
recorded in Fig. 2 is a mixture consist- 
ing of 95 percent foundry sand and S 
percent sharp sand which probably more 
(Turn to page 180) 
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HE’S TAKING REFLECTIONS OUT OF GLASS 



Science hos perlected a method of treoting lenses ond other optical systems to reduce 
surface reflections. Untreoted gloss reflects light at every surface, lens systems lose a 


VaRD Mechanicol Loborotory, in its business of monufocturing precision optical gloss 
lenses, prisms, filters and mirrors for militory ond delense purposes has been vitolly inter- 
ested in this new development. 

VaRO hos been osked to set up the mochinery and is now commerciolly engaged in 
treating opticol gloss to reduce reflections, under the copyright nome of Opticote. 

Opticote consists of depositing on each lens surface a durable chemical coating less 
than 1 7100,000 inch thick. This cooting is opplied in speciol vocuum-evoporotors. A lens 
system can be treoted in o few hours ond the cost is reasonable. 

Comeros with Opticote treoted lenses moke sharper pictures in normal light, cleorer 

treoted lenses show clearer ond better defined imoges ot greater distonces ond in poorer 
light thon others with untreoted gloss. 

VARO Opticote can be cleoned. It will stand abuse. It con be removed without damage 
to the originol lens surfoces. 

VARD olso treots gloss or metal with onother process to produce mirrors of great 
brilliance and fidelity. This process is colled Reflectreote. It too, is cleanable. It will stond 
hard usage. It does not tarnish. Refleclicoted mirrors are used in periscopes, sextonts, 
bomb-sights ond reflex comeros. 
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The False Horizon 

An interesting study of the important problem of 
atmospheric haze as conducted at Stanford University 


By Volney Finch 

Professor of Mechanical Engi'near/ng, Sfonford UniversHy 
(Nov on acfive duly vlfh the Navy} 


M ost of the ailention of aerologists 
in recent years has been focused on 
the new theories of weather analysis — 
the polar front theory and the air mass 
theory, whose consolidation into a 
workable forecasting system — the air 
mass and frontal analysis — is generally 
credited to the meteorologists of Nor- 
way and in particular to V, Bjerknes 
and his son, j. Bjerknes. 

The five basic principles of this an- 
alysis are briefly as fallows: 

I. When a mass of air lies dormant 
over a portion of the earth's surface, 
it takes on the climatic characteristics 

2. When this stagnant air mass does 
move it may travel long distances over 
the earth's surface and still retain the 
climatic characteristics of its source 

3. When two dissimilar air masses 
meet, the warmer (lighter) mass over- 
runs the colder (heavier) mass. This 
leads to the formation of a wedge of 
cold air over which the warm air moves 
to some very high altitudes. The front 
which separates the two masses is the 
upper surface of the wedge. 

4. Oouds, rain, and other disturb- 
ances occur along these fronts. They 

themselves when unusual terrain fea- 
tures impart motions to the mass that 
encourage such tendencies toward dis- 
turbances as the mass may have. 

S. Phenomena such as haze, fog, 
dew, frost, etc., may occur within the 
air masses themselves. 

Since the most severe weather condi- 

fronts, it has been of vital necessity to 
aviation to concentrate research on this 
focal point in modern weather analysis. 
At the same time it must be remem- 
bered that some of the lesser phenom- 
ena, mentioned under heading five 
above, often seriously interfere with 
maintaining scheduled flight. There- 
fore, it is reasonable that investigation 
of their causes and of their variations 
with related factors should be pursued 
in an attempt to acquire data that may 
lead to an increase in ability to operate 


aircraft in localities where these condi- 
tions are causing difficulty. 

An investigation to determine the 
cause of one of these prenomena — 
alnws/ilicric liasiiieis — was recently car- 
ried out by Edward M. Fryer, Graduate 
Mechanical Engineering Student in the 
Stanford University School of Engi- 
neering, under the direction and guid- 
ance of Professor Norris E. Bradbury 
of the Department of Physics. Profes- 
sor Bradbury teaches the Stanford 
course in meteorology. 

In addition to seeking additional data 
on the cause of haze, an effort was made 
to determine its relationship with the 
following factors: 

1. Relative humidity, 

2. Condensation nuclei density. 

3. Dust count. 

4. Time of day. 

The method used was to project a 
light beam down an open field to a 
photoelectric cell, and continuously 
measure the intensity of the beam as 
it varied by reason of its light scattered 
by the particles constituting the haze. 
Relative humidity, temperature, and 
velocity and direction of the wind were 
i-ecorded. The nuclei density was ob- 
tained and recorded by an apparatus 
pres’iously used by Professor Bradbury 
and Meuron for measuring the varia- 
tion of the number of coiidensalion 
nuclei in the atmosphere throughout 

The observation hut from which 
Fryer made his measurements is in the 
middle of a large field — a location which 
is relatively free from unnatural atmos- 
pheric disturbances. 

Before examining the curves show- 
ing the results of the investigation it 
may be well to review briefly the 
modern conception of the causes of the 
hire layer whose upper boundary is 
often so sharp that aviators mistake it 
for the real horizon. The minute par- 
ticles that have been thought to form 
the nuclei for condensation of the 
water vapor of the air and thus be 
partly responsible for haze and other 
phenomena that give poor visibility orig- 
inate from the following sources; 



1. Dust particles resulting Irom the 
action of winds on the earth's surface. 

2. Smoke emanating from Industrial, 
commercial, and residence areas and 
from forest and other fires. 

3. Salt remaining after evaporation 
of spray from oceans and other bodie:< 
of water. 

Dust particles have been ruled out as 

found by many investigators to require 
a greater supersaturation for condensa- 
tion than that which exists under any 
set of natural conditions. The smoke 
particles formed by combustion are 
partly composed of nitrous or sulphuric 
acid, and some of these will readily 
absorb and retain moisture. M.iny 
smoke particles, however, are not hy- 
groscopic and will neither absorb nor 

5ca sail particles, composed of sodium 
chloride or ntagnesium chloride are tlie 
greatest source of condensation nuclei, 
and extensive measuremenls by Kohler 
on the chloride and magnesium content 
of rain, snow, and tog show that these 
particles are carried far inland from 
the ocean. 

ITnrn la Page ISS) 
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Wings For The Catalinas 

Brewster takes a big sub-contracting job in lull stride 


By Randolph Hawthorne A^hf'on Magazine 


W HEN James Brewster started a 
carriage factory in New Haven, 
Conn., back in 1810, he quickly became 
noted for his advanced ideas in shop 
oiganization and the excellence of bis 
products. Today, with the experience of 
building three stages of transportation 
equipment under tbe Brewster name, 
Brewster Aeronautical Corporation car- 
ries on the tradition of fine craftsman- 
ship in tbe production of the tubby, but 
efficient and highly maneuverable Brew- 
ster "Buffalo" fighter and the "Ber- 
muda" dive bomber. At the same time, 
taking it smoothly in its stride, Brew- 
ster is building wings in its Newark 
plant for the Consolidated "Catalina" 
patrol boats of Bismarck fame in a 
multi-million dollar sub-contracting job. 

Brewster's first venture in the aero- 
nautical field was made at the Queens 
plant in 1920 when the Navy awarded 
a contract for duralumin seaplane floats. 
Then, in 1932, with the Brewster name 
.already well-known in float construc- 
tion, James Work, now chairman of the 
board, foreseeing a more prominent 
future in the industry, with three asso- 


ciates, bought the aircraft division of 
the century-old Brewster Body Works, 
thus formally launching the Brewster 
.Aeronautical Corp. 

Until it embarked upon the produc- 
tion of aircraft of its own design, be- 
giiming with a light dive bomber pro- 
duced in 1935 for the U. S. Navy, 
Brewster devoted all of its facilities to 
building wings, coavls, tail surfaces, 
etc., for other manufacturers. 

Up until about two and one-half years 
ago, sub-contracting represented about 
ninety percent of its production. Today 
the order is reversed, and tbe sub-con- 
tract being performed by Brewster 
represents less than 10 percent of the 
backlog of the company, 

Brewster was chosen to produce the 
Consolidated wings because of its estab- 
lished reputation as wing expert All 
of the original Grumman fighters took 
to the air on wings built by Brewster 
under sub-contract The original wing 
order placed by Consolidated, which has 
been since supplemented by additional 
orders, found the Brewster company in 
the process of expanding its facilities 


to produce the "Buffalo" fighter, orders 
for which bad been placed by the U. S. 
Navy and the Royal Air Forces of Great 
Britain and the Netherlands East Indies. 

To handle the Consolidated job, the 
company on March 1, 1940, leased the 
217,000 sq.ft, municipal hangar at New- 
ark Airport. Despite the problems in- 
volved in procuring new equipment, 
training new personnel and transferring 
supervisory personnel, which was ac- 
complished without seriously depleting 
the ranks of supervisors in the Long 
Island plant, the company quickly had 
the Consolidated wings, floats and braces 
in production and has doubled produc- 
tion during the past year. 

The task of bringing production up 
to its present efficiency was the respon- 
sibility of Philip M. Stephenson, vice 
president of Brewster, who joined the 
company in 1933 as production manager. 
Mr. Stephenson’s background in aviation 
manufacturing goes back to 1926 when 
he entered the employ of the Chance 
Vought Corp., rising by 1931 to man- 
ager of production planning and supply. 
It was under his direction tliat the 
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Brewster company built the wings for 
the Grumman FF-l, SF-1, JF, J2F, 
F2F, and F3F fighters. 

An account of some of its production 
methods developed under Mr. Stephen- 
son on Consoli^ted PBY-S outer wing 
panels, floats and braces nuty prove 
interesting. 

•Approximately 3,139 parts, together 
with about 200,000 rivets, go into the 
completed Consolidated wing panel job 
which begins in the Sheet Metal De- 


partment in Brewster Aeronautical's 
plant at Newark Airport. The entire 
production is divided among six depart- 
ments, -A to F, from fabrication of the 
raw metal into parts to tbe painting of 
British or U. S. Navy insignia prior to 
shipping the flnished wing panel across 
the continent to Consolidated. 

From Raw Storage the 24S aluminum 
alloy metal is taken and sh.tped into 
fabricated pans to be used in the depart- 
ments engaged in sub-assembly work. 

Tbe fabricated parts are heat treated 
in electric salt bath furnaces. Thi.s 
type of furnace has been found to be 


the most efficient for aircraft work for 
several reasons. For one ihing, tem- 
perature control can be niaiiiLained 
within a few degrees plus or minus of 
the allowed temperature range. For 
another, there is practically no tempera- 
ture drop when placing the chai^ into 
the furnace due to the large volume of 
nitrate which is always held at the cor- 
rect temperature. Furthermore, record- 
ing potentiometers are used on all fur- 
naces as an accurate means of control, 
and the self-recording type instrument 
permits the filing of all charts. Thus, 
(Turn la page 140) 
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FLIES WITH SKF BEARINGS 


Here's tomorrow’sguidein design- 
ing giant cargo and troop 
transports. Jt’s the B-19 with a 
wing spread of 212 feet. It’s 
capable of flying non-stop more 
than 7700 miles. And its four 


2000 h.p. Wright Cyclone 18’s 


locations. 

INDUSTRIES, INC., FRONT ST. & ERIE AVE.. PHILA,, PA. 








Metal-Casting by the Antioch 


New method has become a valuable source 
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of aluminum and non-ferrous castings for aircraft 
By Elmer J. Weinheimer, Soles Engineer 

Foundry Division, Menosco Manulgcfuring Co. 


D eveloped during a search for 
a better way to cast arc objects, 
and first used outside of that field in 
tbe manufacture of tread design inserts 
for Goodyear Tire & Rubber Company, 
the Antioch Process has become a 
valuable source of aluminum and non- 
ferrous castings tor the aircraft indus- 
try. fis use for this purpose is ex- 
panding rapidly. 

At present there are two foundries 
in the United Slates authoriied to use 
this process on a commercial produc- 
tion basis : the original Antioch foundry 
at Yellow Springs, Ohio, where the 
process was developed, and the Los 
Angeles foundry of the Menosco Manu- 
facturing Company, which received its 
exclusive license from Antioch in Mav, 
1939. 

Due to the newness of the process, 
our engineers found it necessary to 
carry on considerable experimental and 
developing work in perfecting their 
foundry technique. And as is the case 
in any new manufacturing operation 
they have learned the limitations and 
potentialities of the process through the 
trial and error method of actual pro- 
duction, as well as through the medium 
of research. 

Our exclusive license permits us to 
manufacture Antioch castings any- 
where west of the Mississippi River, 
and to sell them anywhere at all. Orig- 
inally Menasco undertook the produc- 
tion of castings by the Antiocli process 
as an aid to the manufacture of parts 
for Menasco aircraft engines. The ad- 
vantage of the process soon stiniul.ited 
other people to come to our foundry 
with all sorts of difficult casting prob- 
lems- Currently, however, the facilities 
of our foundry are being utilized al- 
most exclusively for the production of 
aircraft and aircraft engine parts, al- 
though the process has a multiplicity 
of uses in other industries. 

Aircraft builders, confronted with the 
need for finding every possible short 
cut to production have discovered that 
complicated parts that cannot be satis- 
factorily cast by any other method, can 
usually be produced by the Antioch 


process. The reason for this is that it 
permits the production of castings with 
practically any combination of curves, 
contours and angles, and thin wall sec- 
tions having an exceptionally higli 
tensile strength. The ability CO produce 
these more intricately designed parts 
is resulting in considerable saving in 
loot-up costs to the aircraft manufac- 

One of the oilier outstanding features 
of castings made by tlie Antioch Process 
is their smooth finish. This, together 
with the maintenance of dimensional 
accuracy superior to that of other 
foundry methods, reduces the amount 
of machining required after the parts 
are received by the manufacturer. 
Thusj while the initial cost of the cast- 
ings may be higher than those made by 
other processes, the saving in machin- 
ing time alone more than offsets it. 

Because of the accuracy of castings 
made by the Antioch Process we find 
a tendency on the part of some of the 
aircraft engineers to ask us to hold 
closer tolerances than are economically 
feasible. The plus or minus dimensions 
that can be maintained are dependent 
entirely on the shape ami size of the 
part to be cast, and as a result our 
engineers do not attempt to establish 
these tolerances until they have had an 
opportunity to inspect the biue-prints 
of the parts. 

Operations of the foundry division 
are under the direction of V. 0. Clark, 
graduate of the U. S. Naval Academy 
and post-graduate of Columbia Uni- 
versity in mechanical engineering, who 
retired as a commander of the Navy in 
July, 1940 to join the Menasco organi- 
zation. Last year he spent several 
months at Yellow Springs, Ohio, study- 
ing the Antioch operations of that plant. 

To get a complete picture of the pro- 
duction of castings by the Antioch 
Process, assume that a new order, ac- 
companied by blueprints of the parts 
to be made, has just been received at 
the Menasco foundry. The first pro- 
cedure, of course, is for the pattern 
shop and our engineering and control 
departments to get together and de- 
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Process 


clde the most practical method of mak- 
ing the casting and pattern equipment. 

At this preliminary conference we 
visualize the problems connected with 
this particular job so, when the pattern 
equipment is ready for production, only 
slight changes may be required for 
best results. If the order is for a rel- 
atively large number of castings, metal 
pattern equipment of either a match 
plate design or of permanent cope and 
drag type is made. If a match plate 
is decided upon, shrinkage and design 
of the equipment is very close to and 
in most cases interchangeable with that 
used for a sand casting job, except that 
for the Antioch process the pattern 
equipment is much more finely finished. 
If cope and drag equipment is desired, 
metal patterns are made singly ami are 
then mounted in special gypsum cement 
matches. 

Upon completion, the pattern equip- 
ment is turned over to the engineering 
and control department whicli then 
makes the preliminary castings for lay- 
out and solution of all problems relat- 
ing to gating and risering in order to 
obtain castings of most suitable quali- 
fications- Before the job is released for 
production all problenis are analyzed 
and checked by X-ray examination. 
Upon release of the equipment by the 
engineering department, the pattern is 
placed in production at a rate in excess 
of quantities required per month. 

The molding department, which is 
the first step in actual Antioch produc- 
tion, mounts the pattern upon movable 
dollies so that it may be readily taken 
from the plaster pouring stations to 
the point tor stripping. The molder 
places a half flask each on both the 
cope and drag pattern equipment, in- 
serts the aligning pins which are made 
to a fit of not greater than .003 of an 


inch and rolls the dolly to the plaster 
pouring station. The flask is poured 
with the type of Antioch plaster “mix" 
best suited for that particular job— al- 
lowed to "set" and then stripped from 
the pattern by power. If a match plate 
pattern is used, the plate is inserted 
between two half-flasks and one side 
side poured, allowed to "set" and then 
turned over and the other side poured 
Then both halves are stripped by power. 
Ill cases where there are a relatively 
small number of castings to be made 
from a pattern, the entire pattern equip- 
ment may be made of gypsum cement 
with brass rods and bustlings used for 
"locating" in assembly, and not held in 
flasks. This method is only used where 
the orders are small and there is no 
justification for the more expensive pat- 
tern etjuipment. In taking the plaster 
casts from this type of pattern, air 
is used at the joint between the cast 
plaster and the pattern. In most cases 
the methods of coring are identical 
with those used in a sand foundry. 
However, prints and locating devices 
tor setting the cores are made to in- 
sure greater accuracy and no possi- 
bility of errors in placing cores. After 
stripping the plaster cast from the 
(ram lo page 162) 
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Aircraft Drawings 
in Perspective 

Ideas on an unproved drawing method for 
conveying ideas to shop and sales departments. 


By R. S. R0S6 Bquipmen* Design Bngineer, Lockheed Aircraft Carp. 




T O th« majority of aircraft drafts* 
men the term “perspective draw- 
ing” suggests a type which contains a 
goodly number of unknowns and one 
with which there should be no experi- 
mentation. Actually, a correct under- 
standing of the simple fundamentals of 
perspective will open up a field of draw- 
ing hitherto seldom used and one which 
should prove valuable in conveying 
ideas to shop departments, sales depart- 
ments and all concerned. 

Several methods of constructing per- 
spective drawings are in use today and 
it is the purpose of this paper to ex- 
plain and point out the reasons for each. 
The first method to be described is one 
in which the Vanishing Points are 
picked at random. This method usually 
results in ineffectual drawing, because 
only the draftsman skilled in perspec- 
tive is able to locate these Vanishing 
Points without introducing distortion 
in one or more planes. For this reason 
this method of perspective development 
is not recommended. Fig. I illustrates 
a part drawn in perspective in this man- 
ner and the obvious distortion should 
be noted. 

.Another method commonly used to- 
day is to place the object in plan view 
at a predetermined angle with the Pic- 
ture Plane, P,P„ — see Fig. 2. Estab- 
lish the Observation Point, O.P., in 
the plan view ; the Vanishing Points, 
V.P, are then located by connecting the 
P.P. with lines parallel to the respec- 
tive sides of the object. Project the 
V.P.’s to the horizon in vertical eleva- 
tion, thereby establishing the vertical 
V.P. Project extremities of the object 
from the plan view to the vertical ele- 
vation. Note that any point thus pro- 
jected is actually the intersection of a 
ray from the Observation Point, O.P., 
to this particular point with the P.P. 
Establish the vertical measuring line at 
the point where the plan view of the 
object crosses the P.P. ; determine the 


relationship of the object with the hori- 
zon and draw horizontal perspective 
object lines. To establish the vertical 
perspective scale, mark off on the ver- 
tical measuring line the correct num- 
ber of units, (4, 5. & 6), then project 
to respective Vanishing Point (see Fig. 
2). To establish the horizontal per- 
spective scale, mark off on the vertical 
measuring line above the object the 
same number of true scale units as the 
object is long. Connect the last unit 
with the end of the object closest to tlie 
V.P. Project rays from Vertical Meas- 
uring Line to V.P., and project their 
intersection with diagonal vertically 
down the face of the object, thus deter- 
mining perspective dimension In tliis 

The above method produces in a 
relatively easy manner a true perspec- 
tive. However, there are several ob- 
jections to this method which should 
be pointed out. First, to eliminate out- 
of-scale perspective distortion, tlie O.P. 
must be placed far enough from the ob- 
ject to enclose the extremities within a 
30 deg. angle. This ratio between the 
size of the object and the distance of 
the object from the Observation Point 
bears a definite value of from i to i- 
If this suggestion is carried out, the 
perspective distortion will be greatly 
lessened. With this particular method 
of development, the V.P.'s then locate 
themselves at excessively great dis- 
tances from the object itself, requiring 
either a large piece of paper or in some 
cases V.P.'s established on the prover- 
bial sky-hook. For this reason a dif- 
ferent type of perspective has been in- 
vestigated and is outlined below. 

When using this new method, which 
may be called “perspective projection,” 
the object to be drawn is placed in the 
plan view at a predetermined angle with 
the P.P. Locate the O.P. at any point 
desired, keeping in mind that the rela- 
tion of the distance from the object to 
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extremities of diagonal lines with the 
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Surface Preparation 

For Painting Aluminum Alloys 
On Aircraft 

For treating aluminum alloy surfaces prior to painting, “Alumilite" and 
"Alrok" have undergone exhaustive tests 
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Mass Production 
of Aircraft Clamps 

Bendix eagLaeers devise improved methods 


to meet emergency 


By R. R. Harrison, Superlniendenf, 


D evelopment of iiydrauiic ami 

electrical actuating devices for opera- 
tion of sucli airplane units as retract- 
able landing ^ars, wing; flaps, bomb 
doors, fun turrets, etc., has resulted in 
extensive hydraulic plumbing and elec- 
trical conduit tubing installations in 
modern airplanes. 

These lines, as well as fuel and oil 
lines, required specialised clamps for 
attachment to the airplane structure. 
Such clamps had to electrically bond 
the tubing to the structure and cushion 
it against vibration. The present de- 
fense program has resulted in a demand 
for such clamps far exceeding any pre- 
vious capacity and the mass production 
of special aircraft damps has been an 
interesting sidelight of the present pro- 
duction program. 

Bendix cushion damps incorporate 
a Neoprene cushion that is permanently 
thermo-welded to the metal damp. A 
light strip of melal is then riveted to 
the clamp body to act as an electrical 
bonding agent between the tube carried 
in the damp and the melal structure 
lo which it is attached. The result of 
this design is a clamp of low weight, 
belter electrical conduclivity, quicker 
assembly and permanent tightness. But 
rnany manufacturing problems were en- 
countered in placing this clamp in pro- 
duction. To overcome them it was 
necessary for Bendix engineers lo de- 
velop a number of entirely new ma- 
chines. and to build a complete set of 
specialized dies and fixtures. 

Pneunialiecll7.drlven BendJx.built curllaa mac 


demands for clamps 


Clomp Depf., Bendix Aviafion, Lfd~ 


The company is producing tremend- 
ous quantities of bare and thermo-welded 
cushion clamps each month, and is cap- 
able of increasing its output indehnitdy. 

With seven punch presses ranging 
in size from 1 lo 22 tons capacity as 
ibe basic equipment, the company de- 
veloped a battery of special machines 
almost entirely automatic in operation, 
Most important piece of equipment — 
the construction details of which are a 
trade secret — is a multi-stage piercing, 
shearing and forming die set-up in a 
Marshalltown punch press that, feeding 
four strips of stock at a time, turns out 
48,000 completed Alclad clamps an hour, 
Bendix tool engineers designed all the 
dies for each of the approximately 300 
different type and clamp sizes the plant 
produces. 

In addition to the dies, the machines 
developed were; A one-ton, magazine- 
fed, fully automatic peening machine to 
attach the bonding strip and peeii the 
upset eyelet on thermo-welded clamps; 
three air-driven sub-presses for piercing 
and shearing AC 735 loop-type clips; 
an automatically fed cut-olf machine for 
culling the Neoprene cushion material 
lo various lengths; a slitting machine 
for slitting rolled aluminum to desired 
widths; an automatic curling machine 
lor curling clamps of all sizes, from an 
eighth of an inch to four inches in 
diameter; a conductivity testing board, 
with a pnuematic clamping device, de- 
signed and built around the Leed.s- 
(Tiirn lo page 169) 
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the fOo/5 . . •” — Winston Churchill 


Give us a medium bomber, with heavy striking power . .. a heavily armed bomber, that can serve 
os a twin-engineef fighter . . . o bomber that con travel, toe, on missions of long-range reconnais- 
sance. These K.A.T. leelical requirements are met by the new Martin "Baltimore" Bombers— now 
being delivered in numbers to Britain. The Glenn 1. Martin Company, Baltimore, Maryland, U. S. A. 
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MICRO SWITCH 


Announces n Price Reduction 


on its "Type H” Aircraft Switch 


J.oday — just one year after the an- 
nouncemeni to the industry of our 
“Type H" Aircraft Switch— we are 
announcing a price reduction on 
this fine switch. 

The new switch— which was de- 
veloped after months of research and 
collaboration with leading aircraft 
engineers — has met with instant ac- 
ceptance. Today, as a result of the 
economies in a rapidly increasing 
produaion, we are able to announce 
this price reduction. 

Since reducing prices whenever pos- 
sible is part of our basic policy of 
doing business, we are doubly pleased 
to acknowledge in this way the fine 
cooperation of leading aircraft engi- 
neers in the design and development 
of the “Type H" Micro Switch. 



Micro Switches Are Now Being 
Used By: . Be// ■ Be//a«ca ■ Ben- 

dix Av/al/on. Ud. ■ S«/«| • Bnuster Cm- 
so/idatid . Oiriiss-V' right ■ Doiig/ai . Ec/ipie 
Aviatka ■ F/eeluiings ■ Lockhted • G/enn 
L. Martin ■ Mercury . North American . 
Vega . Vought-Sikoriky - Vulree . IVaco 
Cessna ■ Goodyear AirCorp. . Fairchild • Re- 
pub/ie-Griimman - Lear Avia • Stearman. 
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HARDEST WEARING SURFACE ^ 


\ 



E ssential in the Cyclone engine, 
with a flight life of 2,000,000 miles, 
is the thin layer of nitrided steel on 
the inside of Cyclone cylinder bar- 
rels. Hardest wearing surface in 
industry, this internal "armor" of 
diamond-like hardness is needed to 
withstand the wear of piston rings 
travelling at terrific speeds under 
high temperatures. 

Requiring SO hours of heat treat- 
ment at temperatures up to 975*F., 
nitriding hardens the steel to extend 
immeasurably the service life of the 
cylinders, as well as gears, shafts and 
other parts, and enables them to stand 
up under emergency conditions. 


Wright today employs the most 
extensive battery of nitriding fur- 
naces in America to produce in 
quantity the “armored" parts for its 
monthly output of engines totalling 
nearly 2,000,000 horsepower. 




Aviation And The Duration 


By Selig Altschul 


T he correlation between the duration 
of the war and the outlook for the 
aircraft builders was again vividly illus- 
trated by recent events. President 
Roosevelt’s warning that "the task of 
defeating Hitler may be long and 
arduous," was taken as an indication 
that the war may last a long time. This 
found immediate reflection in the mar- 
ket-place where aircraft equities enjoyed 
a resurgence of popularity with many 
issues reaching new highs for the year. 
The longer the war — the longer the 
period in which steadily increasing air- 
craft deliveries may be made with con- 
sequent favorable effects on earnings 
despite rising costs and higher taxes — 
so runs the reasoning supporting price 
appreciation in aircraft stocks. 

Analysis of earnings reports, how- 
ever, clearly shows that the era of soar- 
ing proflts in the aircraft industry ap- 
pears to be at an end. It is true that 
the industry as a whole experienced 
outstanding gains in earnings during 
the first half of 1941 and will undoubt- 
etlly continue to record impressive gains 
throughout the rearntament period — but 
the earnings increment rate will not be 
as rapid as formerly. Further, it IS 
likely that proflts will not parallel the 
rising volume of deliveries. 

This phenomena may be attributed to 
a nuntber of important factors. Rising 
wage costs, higher taxes and increasing 
material costs, are the major elements 
which can be expected to throttle any 
accelerated profit margins. .Adjustment 
charges due to expansion programs, 
although non-recurring, may be con- 
sidered an important near-term influ- 
ence. From this point on, virtually all 
deliveries will be for the account of the 
United States Government. 

fn reviewing the various rising cost 
elements, it becomes evident that they 
represent factors over which manage- 
ment has but little or no control. As 
long as deliveries are in the ascendancy, 
this condition remains unnoticed. How- 
ever, as production schedules decline, 
this cost rigidity will deflate earnings 
at a faster clip than any rise in profits 
previously experienced. 

.Additional wage increases again ap- 
pear in the offing. Negotiations to 
stabiliae wages in the aircraft industry, 
if consummated under pending pro- 
posals, will add an estimated $600 mil- 
lion in labor costs, the major part of 
which may he absorbed by die Govern- 


ment through contract adjustments. 
Once established, however, these wage 
scales have a tendency to resist any 
downward revision. Absent from any 
aircraft wage scale is the arrangement 
present in Canada where railroad wages 
along with factory wages have been 
tied to the cost of living. No such 
orderly adjustment is in prospect for 
the aircraft or any other major industry 
in the United States. 

As indicated in our June, 1941 pre- 
sentation, a total of 66 percent of the 
selling price of the finished aircraft is 
consumed by wages. While consistent 
gains have been made by aircraft work- 
ers, other industrial groups have shown 
even greater improvement. According 
to the Department of Labor, aircraft 
workers averaged $35-48 per week and 
79.9 cents per hour for the month of 
June, 1941. The automobile industry 
on the other hand, for the same month, 
paid $45.68 and 106.5 cents respectively. 
The durable goods industry as a group, 
tor the same period, averaged $36.89 
per week and 82.2 cents per hour. In 
terms of contrast, the automobile work- 
ers increased their weekly earnings by 
30.6 percent over the same period a 
year ago, while the gain by the aircraft 
group averaged 13.1 percent for this 
same period. The automobile industry 
probably requires greater skilled labor 
— hence one reason for the spread. 
However, as the aircraft industry be- 
comes more thoroughly organized by 
the unions, further pressure will be 
exerted toward upward revisions of pay- 
rolls in the group. 

At this writing, the 1941 tax bill 
appears to be on its way toward final 
enactment. As rewritten in the Senate, 
the aircraft industry may look forward 
to a basic combined normal and surtax 
rate of 31 percent. Further, excess 
proflts rates are increased 10 percent 
with the companies retaining the alter- 

the basis of invested capital or average 
earnings. The over-all effect of the 
current tax bill appears to have been 
well discounted. In fact, it may now be 
found that a number of aircraft com- 
panies may have made liberal provisions 
for taxes during the first half of this 
year which will require adjustments in 
subsequent periods. 

Interestingly enough, an analysis of 
statements of 275 industrial companies 
by the National Industrial Conference 


Board disclosed that six aircraft and 
parts manufacturers set aside 67.5 per- 
cent of earnings for taxes in the first 
half of 1941 as contrasted to 21.1 per- 
cent in the same period a year ago. 
This resulted in a decrease of 6 percent 
in net earnings in the first half of this 
year, although before taxes earnings 
were up 127 percent. The aircraft 
group established higher tax reserves 
than for any other industry; the aver- 
age for the 275 compauies being 51.6 
percent. 

While the current tax bill is rapidly 
becoming a known factor, another and 
stiffer tax bill is reported in the offing. 
As soon as the 1941 tax law is placed 
on the statute books, it is indicated con- 
gressional groups will immediately be- 
gin preparation on next year's lax bill. 

Contributing to lower profit margins 
as well, is the bulk of deliveries now 
to be made to the United States Gov- 
ernment. The tendency appears to place 
future orders of the cosl-plus-fixed-fee 
variety — which does not carry with it 
a guarantee of a net profit in the 
amount of the fixed fee. This type of 
contract does, however, shift increased 
labor and material costs to the Govern- 
ment. Frequently quoted is the experi- 
ence of Douglas. For the first half 
of 1941, the company realized a profit 
margin of 6.48 percent on its coit-plus- 
fixed-fee contracts while on its fixed 
price agreements, a ratio of 17.38 per- 
cent was realized. 

In any event, convincing proof is at 
hand which clearly shows that profit 
margins have reached their peak. The 
ratio of net profit to sales for represent- 
ative companies is presented for the 
first half of 1940 and 1941: 

1st Half 1st Half 
1940 1941 

Curtiss-Wright 13J% 7.3% 

Douglas 13.4 7.9 

Lockheed 10.5 7.0 

Martin 21.3 10.8 

North American 16.2 10.8 

United Aircraft 15.9 4.6 

With two years of war and fifteen 
months of the U. S. defense progrnm 
completed, a number of vivid imprints 
have left their mark on the aviation 
industry. The astronomical expansion 
and accomplishments of the aircraft 
manufacturers are too well known to be 
repeated. Suffice it to say that two 
years ago, the aircraft industry was not 
(Turn to page 188) 




U. S. Army Air Corps Curtiss Cargo -Transport 

Mon, nialorial, supplies — air-borne to the front linc.s of defense... for 
these modern tactics, America produces the tvorld's finest transports. 

Latest of the U. S. Army's cargo ships is the C-55. Willi cahiu 
designed for aliitude supercharging, the transport is capable of 
carrying cither men and etpiipment or many tons of cargo. Its 
powerful engines arc equipped with 15 ft. Curliss Electrics. 


Cl'RTlS.S.WIliUlIT COKPOIt.VTlOX 

Propeller Diriition • Cnltiirell, iV. J. 
CLirruv . rnTsBi.Rini . iNUiA.XArui.ls . be.amh 
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of Jimn <lc plonrrr- 

5a-hu«k anil discoverer of the islninls wliii li 
lixlav bear his name, aces action once afioiii nilli the 
Brewster Bi'rimjcla. latest development of the famous Brewster Di'C 
Bomber. With its eombiiialion of hijih sjieed. lon“ raii"e. and ftreat 
strikini; power, the Brewster Bermuda will give new strength to the 
far-lluiig defenses of Great Britain and the dciiioeraeiea. 
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FOR LASTING MASTERY OF THE AIR 










Vickers 


Modern hvdraiilii' equi|>ment fur the 
most modern airplanes . . . for Lock- 
heed's P-38 Interceptor-Pnrsnit, 
Vickers Hvdromotive Controls were 
chosen because they dependably, 
smoothly and amiratelv do the job 
. . . no matter how severe the service. 
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Vkkers 
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1462 IIAKMAIN IILVtl., IIETIiniT, MII'HlItAN 
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buUl'Up plywood cootlrocUon. Now wc- 


9D U a curved piece ol plywood ood ' 
bs ora buUl*up wood alrlogera. The tri 
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Visual Teaching Methods 

are used at the Dallas Aviation School 




PnitiiUUf H- hadien. . . . there’s more speed in 
this paper than your operator can handle. 

PnuiU. OAA utujfVmtlif UiXfU ^ualiidf^ no 
matter at what speed your developing machine is run. 
No penalties from accidental slow-downs or speed-ups. 

deaeio^f^ert. <&o«d*t't deioUodaio. Keep 
it in the machine, add to it as needed. No need to wash 
up machine and rebottle developing solution nightly. 

pAOcedi uses Domestic Chemicals. 
Quality is stabilized and sure; you can always be 
sure of always getting the same high quality work. 


to. iA*f. tUid, pAOcedd. ai OvtCO . . . because it 
eliminates the "grief" that plagues you now , . , be- 
cause the prints are so superior, the process so easy. 
We will gladly demonstrate the Dietzgen Directo 
Process for you . . . without cost or obligation. 


THE SUftRlOK BLACK AND WHITE DIRECT PRINT PROCESS 
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DIRECTO 

Black and White Prints 
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EMaling the Air Waves with Craig Walsh 



Jefferson-Travis Portable 
Transmitter-Receiver 

A portable transmitter - receiver 
(PTR-S) for aircraft, which may be 
licensed by manufacturers and distribu* 
tors for temporary use aboard a number 
of different airplanes, is being manu- 
factured by Jefferson-Travis Radio 
Manufacturing Oirp., 374 Second Ave., 
New York- It has been designed espe- 
cially for use on aircraft where perma- 
nent installation of radio equipment is 
impractical — for instance in the flyaway 
delivery of airplanes not equipped with 
radio at the factory. 

The tran.smittcr has a rated output 
of 5 watts, and tests indicate the actual 
power output is about 7^ watts. This 
power gives it a transmitting range of 
about 50 miles. The transmitter circuit 
uses three tubes: a 6J5 as a Pierce 
oscillator, a 6V6 modulator and a 6V6 
power amplifier. Power for the trans- 
mitter is supplied by a motor-generator 
set driven by 6-volt dry batteries con- 
tained within the case. The transmit- 
ting frequency range is from 2000 to 
6000 kc. 

The receiver uses a tuned-radio- 
frequency circuit consisting of two r-f 
stages, a diode detector, an audio stage 
and a power output amplifier. The tubes 
used are two 6SK7's in the r-f stages, a 
6SQ7 diode detector and first audio 
tube, and a 6V6 power output tube. 
The frequency range of the receiver is 
200 to 400 kc. This is the band of the 
airport and radio range transmitters. 
High voltage for the plate circuits is 
supplied by-MiniMax dry batteries and 
the filaments are powered by the dry 
batteries, which drive the motor-genera- 
tor for the transmitter and supply fila- 
ment power for the transmitting tubes. 

Provisions are made to obtain power 
for the filaments directly from the 
plane’s storage battery. If a 12-volt bat- 
tery is used equivalent tubes in the 
12-volt series are used. The PTR-5 
transmitter-receiver is completely self- 
contained m a single case and for opera- 
tion it is necessary only to connect it to 
an antenna. No installation work is 
required. The complete unit •weighs 31 
pounds and is enclosed in a two-tone 
grey fabric case. 


New RCA Aircraft Transmitters 

Two new aircraft transmitters by 
RCA Manufacturing Co., Camden, N. 
J., are intended to be basic units of a 
new line of coordinated aviation radio 
equipment. The two transmitters are 
siniilar except that one, tlic AVT-110, is 
powered by dry batteries and the other, 
the AVT-111, is operated from a stor- 
age battery, either 6 or 12 volts. How- 
ever, the design is so flexible that the 
AVT-110 can be switched over to stor- 
age battery operation with only minor 
changes. With either of these two units, 
the purchaser can make additions from 
time to time to build up a complete, 
integrated radio communication system. 

These two transmitters use perme- 
ability tuning, a new development in 
the field of light weight radio equip- 
ment for small airplanes. With this 
method of tuning, high efficiency and 
permanence of tuning adjustments are 
assured. The adjustments are quickly 
and easily made, liut once made tliej- 
cannot be affected by vibration, or ex- 
tremes of temperature and liumidity. 
Permeability tuning also gives reason- 
able assurance that flashovers in the 
tuning system will not occur at high 
altitudes, a safety factor in minimiaing 
tlie danger of fire. 

Communication witli CA.A or airport 
control st.ations is possible while in 
(light, landing or taking off, taxiing, or 
on the ground- Two transmitting fre- 
quencies are provided- .At the turn of a 
switch the frequency can be changed 
from 3105 kc to ^10 kc, a feature 
usually found only on the more expen- 
sive equipment. An individual antenmi 
coupling, adjusted at the factory, is 
used for each frequency to assure opti- 
mum results for long cross-county 
transmissions on the trailing wire an- 
tenna system, 

A built-in loading coil loads the an- 
tenna to resonance when transmitting 
on the ground. The coil is continuously 
variable for exact tuning while landing 

The tubes used are of the common, 
easily obtained types operated well 
within ratings to give long life. In life 
tests 1600 transmissions were made of 
approximately 30 seconds each (equal 
to about 14 hours) and the power output 


was still greater than 0,5 watt. Serv- 
icing of these units is made simpler by 
the installation of a meter jack for 
making routine adjustments. Also, the 
chassis can be removed through the 
front of the case. 


SpscItlcotioBS ol the RCA AlrcfoJl 


Transmitter 

Weight 

Power Supply . . 


bvemll Distoni 


Fidelity . . . . 
Frequencies. 


AVT.IIO AVT-m 
4.2 lb. 4.2 lb. 

Dry Battery Vihraior 


Height 5i in. Si in. 
Width 6i in. 6J in. 
Depth 4i in. 4| in. 

Height 6iin. 7in. 
Width 6} in. 5} in. 
Depth 4{ in. Si in. 

1 .5 watt 6 watt 
100% 100% 

Less than Less than 
1S% 15% 

Essentially from 300 to 
3S0O cycles 


New Ranger Unit 

•A new light weight, sell-coiitaineil 
aircraft radio receiver, featuring com- 
pactness and ease of installation, is an- 
nounced by Electronic Specialty Co., 
Glendale, Calif- Called the Ranger 
R4.A, unit weighs only 7 lb., complete 
with tubes and self-contained dry bat- 
teries. Panel measures 5Jx4i in. The 
frequency range ol 200 to 400 kc. covers 
the radio range and beacon, weather and 



airport control bands. A tuning knob 
ami corabinaiion “on"-"off" switch with 
rheostat are the only controls in the 
unit. Four new type RC.A tubes arc 
used. This receiver is a matching unit 
to the Ranger T5A transmitter of ex- 
actly tlie same siac. 




I ^IH adajilahiliti of stainless steel to raliricalion b\ spot- 
welding lias made it jtosaible to produce sttirds uircraO 
structures ut niiusnallv bigli speeds. These stainless steel struc. 
lures, moreover, have a fai orublcstrengtli-weiglit ratio, and give 
exceptional service because of their iiigh fatigue siceiiglli and 
cl.-istic jiropcrlics, tlicir resistance to corrosion, uiid their liigh 
strength at liotli elevated ami sub-zero temperatures. In addi- 
tion. stainless steel can he used in conjunction willi other 
metals. Thus fabricators equipped to work with slaiiiless steel 
can make stainless steel pan.s to lie l.iter asseniltled into llii‘ 
plane, wliich helps to speed up aircraft production at a time 
when this factor is of vital importance. Tlie ilhisiralions show 
a few a|)pIicalions which may suggest where you can use 
stainless steel to advantage. 

^'c do not make steel of any kind, hut fur over 33 years we 
have produeed “Eleetromet" fi-rro-allovs used in making steel. 
Tlie fund of data on stainless and other alloy steels tlui.s aeenni- 
nlatod, and the assistance of uiir melallnrgisls are luailahlc in 
you, witlioiit obligation, .A reijuest on yonr coiiijianv letter- 
head will bring a copy of the hook. "Stainless Steel in -Aitcrafl,” 
whicli doscribc.s more fiillv tlie adi'antages of tliis versatile 
metal in tlie aircraft indiislrv. 

EI-ECTKO >IET.\LLURGICAL COXP.ANY 

.aO East -f2nd Strcrl fTTgR New York. N. Y. 


BUYER'S LOG BOOK 


Vew line of n.c. trnnsformei sic Tdders in 300, 500, 750 and 1000 ampere 
capacities has jusl been announced by IViison H'eUer and Metals Co., Inc., 
60 E. 42nd St., New York, N. Y. Known as Model TW they are completely 
self-contained units for 220, 440 or 550 volts, 25 or 60 cycle current. Having 
a wide range of current output, continuous stepless current regulation is pro- 
vided over entire range in the new welders by means of a hand crank atop of 
machine. This crank makes it possible to rapidly shift the setting as changes 
are made from one class of work to another. On 60 cycle units, all sites are 
fan cooled except 300 amp. size, which is cooled by natural draft. These units 
have high and low range switches. On 25 cycle units, having only one range, 
all sizes are fan cooled. Model TW conforms to N.E.M.A. requirements.— 
Aviation. October, 1941. 

Featuring lighter weight, combined with proper speed to perform the driving 
of 5/32 in. dual rivets in the assembly riveting of lighter types of aircraft, the 
new 3Z Thor Extra-Light Pneumatic Riveting Hammer is announced by 
Independent Pneutnatic Tool Co., 600 W. Jackson Blvd., Chicago, III, A "slow- 
hitting" type of hammer, leakage and loss of power is impossible because the 
air does not wipe across the large surfaces of the sleeve type valve, thus resulting 
in highly efficient operation. No. 3Z Riveting Hammer is available in five handle 
styles having J in. bore and 3 in. stroke suitable for A in. soft iron and 
3/16 in. aluminum rivets. — Aviation, October, 3941. 

Two greatly improved series of 4 and 6 hp. portable spray painting air com- 
pressing outfits, for operation of two or three spray guns, have just been 
released by DeVdbiss Co., 300 Phillips Ave., Toledo, Ohio. All 6 hp, units 
have twin disc clutch as standard equipment, permitting starting of engine inde- 
pendently of the compressor, and may be had with or without an electric starter. 
Air or water-cooled engines are optional with this series. Twenty assemblies 
are included in the two series — skid-mounted outfits, rubber-tired and steel 
wheeled trucks, and two wheeled trailers. — Aviation, October, 1941. 




Improved Tentilatioii in aircraft cabins may be obtained by installation of Snap- 
Vent Aircraft Cabin Ventilators developed recently by Burton B. Simeox, 521 W. 
Cumberland Ave., Knoxville, Tenn„ and distributed by leading aviation supply 
houses. Snap-Vent Ventilators are of lightweight, one-piece construction made 
of molded transparent plastic. Either the intake of fresh air or the exhaust of 
cabin air may be obtained by rotating the setting of the ventilator. Quick 
installation may be made in ten minutes on private airplanes by means of a 
device furnished to cut out the installation hole, and when installed their resilient 
construction prevents their vibrating from a set location. By their use draft 
and noise from open windows is eliminated. — Aviation, October, 1941. 

Operation of warning lights to indicate changes of pressure in hydraulic lines, 
or automatic starting or stopping of motor-pump combinations, are among the 
uses which can be made of the new high pressure Hydraulic Electric Switch 
developed by Bendix Aviation, Ltd., Burbank, Calif, Of small oveVall dimen- 
sions and weighing little more than half a pound, the unit contains a highly 
sensitive electric switch actuated by hydraulic pressure. — Aviation, October, 
1941. 

Exceptional balance for predaion work, light weight of only 7 oz., convenient 
front end valve wheels (or one-hand fiame adjustment, compactness to get 
around jigs and fixtures, and a fast penetrating flame for sound, uniform 
welds are said to be found in the new Rego Aircraft Welding Torch made by 
National Cylinder Gas Co., 207 W. Wacker Drive, Chicago, 111. Flame char- 
acteristics may be varied from short to long pointed, as each tip covers a rela- 
tivdy wide range of heat output, X-ong bend and short bend swaged tips of 
pure copper, with brass protectors to prevent damage to tip threads, are avail- 
able in sizes 76, 72, 68, 62, 59, 55, 53 and 51 (drill size of orifice). — Aviation, 
October, 1941. 


DaVUbizs porloble a 




AVIATION. Ovtokat, II 







u so tw 

engine ''‘9^ dewS*'®'* noV 

f®"' is todoY* ctrotol'"®'*' noteet.®'® . 

Boei«9 > TO 20.000 ^ 

. ...esses, 


..-sbets'7 ■V. oM>' 




cO^* 



















ALUMINUM, 
DEFENSE, 
AND YOU 

f 


THE TIMETABLE OF ALUMINUM FOR DEFENSE 

vp le September 10, 1941 













INDISPENSABLE WHERE 
HIGH STRENGTH-VOLUME RATIO 
IS ESSENTIAL 


T O carry the stresses concentrated at 
vital points in primary aircraft struc- 
tures — to safely take the terrific shock 
loads in landing gears — to withstand de- 
structive fatigue loads in engine supports, 
there is no substitute jor steel. For these 
important applications and in power 
plant and propeller assemblies, U-S-S 
Carilloy Aircraji Quality Alloy Steels are 
unreseiA-edly recommended- 
Here are highest quality alloy steels 
that have been put through a gauntlet of 


exhaustive tests that assure their special 
fitness to meet the strict specifications 
of military and commercial aircraft con- 


Our background of many years’ experi- 
ence in producing fine alloy steels for the 
automotive, implement, petroleum and 
other vital industries is now proving ex- 
tremely valuable in the production of 
U-S S Aircraft Quality Steels that will 
assure consistently economical fabrica- 
tion and dependable performance. 


U S S CARILLOY ALLOY STEELS 

C A R N E G I E - I LI. I N O I S STEEL CORPORATION 
Pittsburgh and Chicago 



PROPELLERS 

from a cotton mill! 


Last winter Hamilton Standard took over an abandoned 
cotton mill in Pawcatuck, Connecticut. By May, this plant 
was reconditioned, tooled up and in operation. By Sep- 
tember— in record time and at a minimum expenditure— 
It had become a major factor in American propeller 
production, adding new volume to the record-breaking 
output of Hamilton Standard’s main plant at East Hartford. 


HAMILTON STANDARD PROPELLERS 

EAST HARTFORD, CONNECTICUT 
EE DIVISIONS OF UNITED AIRCRAFT CORPORATION 
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Pan American Plans New York-Africa Service 
Will Ferry U. S. Planes to British East Front 
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BONNEY 15° Angle Box Wrenches 


B ONNEY 15° Angle Box Wrenches are the 
answer to many nut turning jobs in close 
quartern where overhead clearance Is limited. 
Because of their design either side oF the head may 
be applied to the job at hand. 

Drop forged of Bonaloy Steel, carefully heat 
treated to bring out the ultimate strength of the 
steel, they have long, thin, oval-shaped handles 
allowing extreme leverage and affording a firm, 
comfortable grip. 

They ate made in two types as shown, with 24 
different combinations of double hexagon openings 
from Hs” to different size opening in 

each end. Openings are clean and accurately 


broached and take a firm, positive grip on the nut 
or bolt. They have a lasting, rust-resistant finish, 
Bonney Box Wrenches are also available with 
both ends offset, with one end offset, heavy duty, 
single head and extra-small types. Whether for 
production line or mainten- 
ance work there's a size and 
type of Bonney Box Wrench 
to lake care of practically 
every need for tools of this 
type. 

Your local jobber carries Bonne/ 

Bonney Box Wrenches in *J” 

stock and will be glad to 

take care of your needs, take cere cl individual 



BONNEY FORGE G> TOOL WORKS, Allentown, Pa. 

Export Office — 3S Pearl Street, New York, N. Y. — In Carrada — G/ay-Bonney Tool Co., Ltd., Toronto 

Stocked by Leading Jobbers Everywhere 
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More Changes Are Pending 
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Labor Stabilization 
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AVIATION ABROAD 







The ever-increasing demands on military aircraft 
call for top-notch engine performance under vary- 
ing temperature conditions — and lube oil temper- 
ature control takes on added importance. 

The Harrison Oil Cooler and Control Valve provides 
this control under the severest flight conditions. 

By regulating the flow of oil to the cooler, the Con- 
trol Valve prevents excessive pressures that might 
damage the cooling element — and a new principle 
of baffling permits full use of the cooler in the short- 
est possible time. Thus, during cold weather oper- 
ation, as well as under high temperature conditions, 
the Harrison Oil Temperature Regulator, with its 
non-congealing feature, effectively maintains proper 
temperatures of the lubricating oil. 




AVIATIOH PEOPLE 






AVIATION ENGINEERING 






TRANSPORT AVIATION 







Randolph. 

The Congressman, who spon- 
sored the Federal legislation 
authorizing this development 

Ing the first year, 92 percent of 
daily schedules were completed, 
693,727 miles flown, and 32,000 

pick-ui . . 

" * ’ ng a single piece 

szpress and with- 
it a serious flying 
While only 109 communities 
-e now served, spplic " 

-e pending before CAB to 
)cn airmail pick- 
100 additional to 


"without 
of mail 


within Africa, by means of con- 
nections with British and Bel- 
gian lines to South Africa and 
the interior: (3) ferry U.S.- 
built war planes via the "Nat 


Pan Amwics 
will fly the 
the Atlantic and to the East 
Mediterranean. The additlc ' 
service. New York to Africa, 
will be under a CAB extension 
certificate. 

York-Leopoldville 


the t 


e two U.S. del 
ence South, acros: 
> KaUl, Brasil; ai 


, .. t under the w« 
hump of Africa) ; down 
Ivoi-y and Cold Coast thi 
Nigeria to the trade port of 
Leopoldville on the Congo 
River in the Belgian Congo. 
Provision is made in the appli- 
cation for alternate us 
Bathhurst, some 900 
north. Over-water distance 
Natal to Monrovia is 1810 miles. 

Leopoldville is the shipping 
point of many strategic defense 
materials obUined in Africa. 

No information was available 
on schedules or on construction 
of airports and airways aids. 

PAA's application said that 
Boeing 3UA flying boats i 


livered; (the first three w 
turned over to the British). 1 
President said that govemme 
owned equipment would be us 


the service, 
recently ri 
British, foi 


ir use in the East, 
returned for use by 
both. It is still a 
speculation whether 
.flowing Lockheed to 


unofficially, that the Army 
would allow numerous pilota 
resign and accept jobs w 
PAA on both ferry and comnn 


Airline Doings 
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S’lne^-Q^e students ^were enrolled 
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How do you want your 
mechanics and engineers 
trained? 


55 aircraft plants 


airline base 



week aerial 
tour of the 
aviation industry, 
plus numerous side trips by auto. 




Aero Industries Technical Institute wished to 
know how the aviation industry wants its engi- 
neering, production, and maintenance personnel 
trained FROM NOW ON. Our Personnel Director, 
Donald E. Blasdel, was sent on this comprehensive 
tour ol the industry to find out. Mr. Blasdel con- 
ferred with 193 personnel department executives 
and other plant and airline officials — the men with 
Ike answers to this question. 

Now Aero I.T.I. knows better than ever what 
kind of men the industry wants, the classes of work 
in which men will be most needed, the phases of 
training that should receive greatest emphasis, 
and how men should be trained to be permanenf 
assels to the industry. 

Though Aero I.T.I. has already supplied 3,265 
properly trained graduates to 129 firms in all divi- 
sions of aviation, this school now hopes to provide 
many more career-trained men even more closely 
meeting the exact requirements of aviation indus- 
try employers . . . and thereby also serving our 
graduates' own best interests. 




^ F 0 R DEFENSE P R 0 D U C T I 0 N 


ALUMINUM SEATING 
CnAETSMEN HELP MAKE 



The world’s largest manufacturer of Aluminum Seating 
welcomes the opportunity to serve Defense Production in 
giving American aircraft light, strong and functional seating for pilot, 
gunner, radio operator and observer. This company, with its vast 
facilities, accepts its responsibility to Defense Engineers and Produc- 
tion Authorities in producing according to specifications, the type of 
aluminum seating that will further increase the quality of American 
aircraft . . . the finest and most effective in the history of Aviation. 


)0FING COMPANY • YOUNGSTOWN, OHIO 

ALUMINUM CHAIRS ■ STEEL CHAIRS ■ PILING 


AVIATION FINANCE 
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Retenf Books 

Mechanical Engineers’ Handbook, 
editfd bv Lionet S. Marks. Published 
by McGraw-Hill Book Company, New 
York. N. Y., 2,274 pages, illustrated, 
$7.00. 

Marks' Handbook endeavors to pre- 
sent both fundamental theory and the 
data of experiment and experience 
throughout the range of subjects fall- 
ing within the province of the mechani- 
cal engineer. During the eleven years 
which have elapsed since publication 
of the previous edition great advances 
have occurred in practice and in theory. 
Hence, the 1941 edition is not merely a 
revision, but has been largely rewritten 
to incorporate the mass of new knowl- 
edge and data. 

Among the new subjects covered are 
the theory of models, plastic behavior 
of materials, stress concentration, creep, 
packings, wind pressure on structures, 
.sound and noise, automatic control of 
processes and powder metallurgy. Alto- 
gether about 100 engineers and scien- 
tists, all selected for their special com- 
petence In particular Helds, worked on 
the production of this handbook. 

Although intended primarily for stu- 
dents and practicing engineers, the sub- 
ject matter is so presented as to be 
of value to mechanically-minded intelli- 
gent laymen as well. 

.Aiscraet Engines, Volume 21. By 
.4. W. Judge. Published by D. Van 
Nostrand Company, Inc., New York. 
N. Y„ 466 pages, 354 illustrations, $9.00. 

The first volume of this work, pub- 
lished earlier this year, was concerned 
mainly with the theoretical and experi- 
mental aspects of aircraft engines, 
whereas the present volume is devoted 
principally to the descriptive side of the 

Although descriptions of most Ameri- 
can aircraft engines are included, engi- 
neers and students in the U. S. will find 
particularly interesting the detailed de- 
scriptions, cutaway and sectional views 
and detail drawings of standard British 
engines. It is regrettable that the au- 
thor could not treat of most recent 
developments such as the Rolls Royce 
2,000 h.p. "Vulture” and the Napier 
24-cylinder "Sabre" engines. How- 
ever, some of the conjectural discussions 
anticipate these developments. 

.Aircraft Instruments, by George 
Ellis Irvin. Published by McGraw-Hill 
Book Company, New York, N. Y., 506 
pages, 545 illustrations, $5.00. 

This book incorporates in a single 
volume all of the information required 
for a complete course in modern air- 

191 


craft instruments. A chapter on mete- 
orology is included to provide the 
background knowledge necessary to un- 
derstand the purpose and functioning of 
meteorological instruments. In every 
instance the author has attempted to 
describe those components of the air- 
craft which are related in any way to 
the instrument in sufficient detail to 
enable the student to coordinate his 
knowledge of a particular instrument 
with the operation of the aircraft in its 
entirety. 

The text deals successively with all 
modern types of meteorological instru- 
ments, engine instruments, navigation 
instruments and flight instruments. Fur- 
thermore. Mr. Irvin has accompanied 
the descriptions of various types of in- 
struments with complete instructions, 
including step-by-step illustrations, for 
tear-down, a.ssembly. Inspection, adjust- 

The volume was prepared especially 
for use as a textbook for instrument 
courses in technical high schools and 
aircraft schools, operators and manu- 
facturers. To the end that it will 
achieve the widest usefulness in these 
fields the subject matter has been dearly 
presented in the simplest language pos- 
sible. The book also should find valu- 
able applications in maintenance shops 
by virtue of those portions of the text 
treating of installation and repair pro- 

.AiRCRAfT Temflate Develofment, 
edited and published by Aero Publish- 
ers, Inc., 120 N. Central Ave., Glendale, 
Cal, 312 pages, $4. 

This is an excellent book and is based 
nn practices being used in a dozen or 
more of the large aircraft plants. It 
fills a definite place in aviation litera- 
ture. The text covers factory nomen- 
dature, mathematics, elementary draft- 
ing, engineering drafting, principles of 
mathematical development, tools and 
equipment used in template making, typ- 
ical parts and their flat pattern develop- 
ment, photographic methods, plus vari- 
ous charts and tables. The book is well 
illustrated with drawings, photographs 
and blneprinls. 

I.icHT Aircraft Performance Calcu- 
lation, by Juan K. Serralles. Aero- 
nautical Engineer. Published by Avia- 
tion Press. San Francisco, Calif. 67 
pages. 

This 67-page booklet should serve a 
most useful purpose for aviation 
students who want dear, concise in- 
struction on lightplane performance cal- 
culation, Unencumbered by excess 
verbiage, it begins wi(h fundamental 
design characteristics which determine 
aircraft performance. Eighteen charts 
and eight tables illustrate the text. The 


author has also written a book on 
aerodynamics in Spanish, the first in 
that language. 

Aviation From Shop to Sky, By John 
J. Floherty. Published by J. B. Lippin- 
cott Company, New York, N. Y., 215 
pages, 90 illustrations, $2.00. 

Frankly admitting to his readers that 
he is neither aviator nor engineer, Mr. 
Floherty wins their confidence by ex- 
plaining that he approached his task "as 
a reporter on a major assignment". 

It is a nontechnical book, written in 
a free, swift-moving style which should 
quickly capture and hold the interest of 
aviation eothusiasts, young and old, who 
are eager to advance their knowledge 
and understanding of flying. 

The author describes what is hap- 
pening in the fields of aircraft and en- 
gine manufacturing, air transportation, 
pilot training and mechanic and worker 
instruction. A considerable portion of 
the book is devoted to military aviation 
and the text throughout is accompanied 
by excellent photographic illustrations. 

The New Army of the United 
States, issued by the Bureau of Public 
Relations, War Department, Washing- 
ton, D. C. 141 pages, paper cover. 

This is a comprehensive report on 
the state of the Army of the United 
States as of August 1, 1941, It traces 
briefly the transition of the small, 
skeletonised U, S. Army to an expand- 
ing organization which must be trans- 
formed into a fully-equipped modern 
fighting force of seasoned and trained 
soldiers. 

The document then describes the or- 
ganization and the missions, methods 
and equipment of the various com- 
ponents of the new Army, The report 
is full of straightforward factual infor- 
mation and should prove of great value 
to writers, editors and commentators 
whose duties require some kuowledge of 
the fundamentals of our modern fighting 
machinery. 

•AlRCaAFT AND PoWER PLANT ACCES- 
SORY Equipment, by Sidney H. Web- 
ster. 151 pages, $2. Published by the 
National Aeronautics Council, NYC. 

The author is an engineer in the 
Eclipse Aviation Div, of Bendix. He 
has written the only book we know of 
dealing exclusively with accessory 
equipment. The text covers such im- 
portant subjects as engine accessories, 
generating equipment, starter accesso- 
ries, vacuum instrument pumps, hy- 
draulic equipment, ice elimination equip- 
ment, fuel flow meters and other 
miscellaneous devices. The book is 
clearly written and is well illustrated. 

[.Additional rnieivs appear on p. 152) 
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RYAN EXHAUST MANIFOLDS 


ized exhaust manifold field. 

Hecenlly completed expansion of production iacilities enable us lo meet 
fast delivery schedules, and we stand ready to make prompt quotations on 
your quantity requirements. Our staff of engineering specialists is at your 
service for technical consultation. 

rny of America's leading 

Douglas Bostons, Havocs cmd A-20s, Lockheed Hudson bombers, the huge 
B-19 and Douglas commercial airliners. 

Confirming Ryan’s position of leadership, we now have in process of pro- 
duction the largest single order ever placed for exhaust systems; yet present 
expanded facilities assure sufficient capacity for the rapid production and 
prompt delivery of a large additional volume of 
exhaust manifold business. 
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Brewster 

(ConttHHfd jrom pogt 75) 


furnace records are always avaifable 
should any question arise. 

The 24S parrs are put directly into 
the salt bath, either by placing them 
in a basket, or by suspendinf them by 
means of wires, and are held at the 
critical soaking temperature (910 to 
930 deg. F.) generally for a half hour, 
depending on the thickness of the metal. 
At the end of the soaking time, the 
parts are immediately quenched in cold 
water which must not be over 80 deg. F. 
or age hardening would be hastened. 
If the heat treatment has distorted the 
parts, they are immediately placed in a 
refrigerator, since the lower tempera- 
ture, after quenching, retards hardening. 
The parts then can be reworked and 
corrected and left to age harden. 

For protection, all pre-sub-assembled 
parts are put through the anodising 
process — a half-hour dip in tanks of 
chromic acid, through which an electric 
current is run, followed by a rinse in 
hot water— and then painted. Great 
care is taken to prevent scratches on 
the metal which would ultimately lead 
to structural failures. 


Spora, Blbt oad Solkheedi 
The fabricated parts received from 
the Sheet hlelal Department move to 
Department B where they are assem- 
bled into troughs, spars, leading edge 
ribs and wing bulkheads. 

In assembling the four main spars. 




Watar.tNtine a wlnq float brace. Float! 
and bracos mutt bo aboolutely wator-tlqhl 



from and rear, for the left and right 
wings, a new riveting method devel- 
oped by a foreman consists of several 
rivet guns running freely on an over- 
head track which allows several men 
to work at the same time on a spar. As 
a result, spar production has been tripled 
by a method simpler and easier in every 
way than the old, heavy single-press 
method, 

Nose rib section production has also 
been increased tremendously by use of 


rows of upright jigs mounted on a six- 
inch pipe and workable from two sides. 
This method, which saves both time and 
space, results in more accurate work as 
the p.-irts cannot move and, being assem- 
bled together on one jig, are exact in 
size- The same practice is used in 
assembling bulkheads, which when fin- 
ished are temporarily stored on over- 
head racks to conserve space. 

While the spars, ribs and wing bulk- 
heads are being assembled in Depart- 
ment B, Departments C and D are at 
work on trailing edges and ailerons, 
wing floats and braces. After assembly, 
the trailing edges and ailerons are sent 
from Department C to the Covering sec- 
tion in the Finishing Department to be 
covered with fabric. 

The floats and braces, parts for which 
h.ave been fabricated in the Sheet Metal 
Department, are thoroughly water- 
tested by a special crew which fills each 
float and brace with water. Until abso- 
lutely water-tight, no float or brace is 
passed to the Final Wing Assembly 
where all sub-assemblies from the vari- 
ous departments finally meet. 

One of the most interesting and novel 
means of stepping up final wing assem- 
bly production is the use to which 
Brewster has put its diminutive men: 
little in size, but big in their contribu- 

After spars, bulkheads and troughs 
are put in place, sheets of skin .025 inch 
thick are placed on the upper and 
lower sides of the wing, being held in 
place by “deco" buttons before riveting. 
For this job. wing interiors are not the 
roomiest of places in which to carry out 
constructional activities, even in the 
Consolidated wing, but the problem was 
neatly solved by the fortuitous presence 
of "Johnny Cee.” Unlike his more 
cumbersome fellows, Johnny could move 
with comparative ease inside the wing, 
and so has become well-nigh indispen- 
sable as a buffer in skin-riveting jobs. 
So well has Johnny Gee turned out, that 
Brewster now has six more men of 
similar small size, and thereby has 
doubled production on several jobs in 
final winft^sembly. 

In the,$bverinf department, to which 
ailerons''lhd trailing edges are sent to 
be covered with Grade A cotton fabric, 
are employed the only girls in the fac- 
tory. One of the women in this depart- 
ment, Veronica Coskey, is a veteran air- 
craft fabric worker who did her first 
stitching on airplanes for Anthony Fok- 
ker in 1925. The women hand-stitch the 
covering to the trailing edges, cut-outs 
and ailerons. 

To facilitate rib-stitching, the use of 
a curved needle has proven greatly supe- 
rior to the straight type in getting be- 
(Turn to Htxl pogtj 
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ClAHK Eiectric Tools and 
Drills have been on the Front 
Line of Defense 


hind and around the rib in sewing fabric 
on aileron structures. This innovation, 
simple as it seems, has added consider- 
ably to increased production, 

Wien the work is completed in the 
Covering department, the finished prod- 
ucts are sent to the dope room where 
several coalings of dope are applied 
with hand brushes and spraying. These 
cloth covered parts and the finished 
wing panels, floats and braces are fin- 
ely painted in this last department; 

dated Aircraft takes delivery on one of 
the biggest long-distance sub-comracl- 
ing jobs in the country. 



In times of stress, when the demands placed on industry 
are extraordinary — Clark Electric Tools and Drills ore 
doing their part. Clark products give trouble-free op- 
eration under the toughest working conditions. The 
master workmanship, supreme quality cmd extra per- 
formance built in every Clark tool accounts ior their re- 


Firsl in Qualify is a well-earned description of Clark tools. 
Let it be your guide to complete satisfaction when se- 
lecting drills, Sanders cmd grinders. 



IAS. CLARK, IR, ELECTRIC CO. 




606 BERCMAN ST., LOUISVILLE, KY. 






Suriace Preparation 

{Contimifd from page 83} 


channels bolted together were exposed 
to the weather at aiP'angle of 45 deg. 
to the vertical, facing south, at a point 
about 300 ft. from the seashore. Each 
channel was completely painted before 
assembly. Thus some of the surfaces 
were exposed to sunlight while others 
were completely shaded. 

An apparatus was constructed at 
Aluminum Research Laboratories at 
New Kensington, Pa., alternately im- 
mersing specimens in salt water. The 
tank is located out of doors and the test 
pieces are alternately wetted by salt 
water and exposed* to drying and sun- 
light. They are mounted on a rack, at 
an angle of 45 deg. to the vertical, fac- 
ing south; the entire rack is lowered 
into the salt water and raised again by 
means of a motor and a special train of 
gears. The motor is actuated by an elec- 
tric time clock, so that the specimens 
are immersed for five minutes out of 
every thirty minutes. In this test, simple 
panel specimens are usually employed. 

In addition to the accelerated ex- 
posure tests by salt water immersion at 
New Kensington, atmospheric exposure 
tests are also conducted on the roof of 
the Laboratories. Here again, the panels 
are mounted on racks at an angle of 
45 deg. to the vertical, facing south. 
The panels used for these tests are 
8x24 in. in size and are made from 14 
gage metal. 

Recently a new type of tidewater test 
has been carried out. This test is con- 
ducted in rapidly flowing sea water near 
Wilmington, N. C. A special rack made 
of aluminum was constructed for sup- 
porting the panels. The rack is rigidly 
supported above the canal through 
which the sea water flows. While the 
lower portion of each panel is continu- 
ously immersed, the central portion is 
subjected to splash and spray at the 
water line, and the top area is exposed 
to the air. This test has been found to 
be particularly effective in evaluating 
methods of surface preparation prior to 
painting. 

Tests of painted aircraft castings have 
been conducted in salt spray tanks at 
Cleveland, Ohio. The specimens used in 
this test consisted of sand cast panels 
four in. by six in. by i in. thick, and 
were suspended vertically in a tank Elled 
with salt mist. The temperature of the 
salt solution atmosphere and the purity 
and concentration of the salt solution 
are closely controlled to insure repro- 
ducible results. 


In all of these tests, two types of sur- 
face treatment were found to be out- 
standing in performance- These were 
the coatings produced by anodic oxida- 
tion and coatings produced by ceruin 
chemical treatments. The latter com- 
prises oxidation by immersion in a hot 
solution of sodium carbonate and potas- 
sium dichromate for about ten to twenty 
minutes, followed by a sealing treatment 
in hot five percent potassium dichromatc 
sokuion. These treatments are designed 
as “Alrok”* procedure No. 12 for 
wrought alloys and No. 714 for cast 
alloys.’ Of the various anodic coatings, 
"Alumilite" treatment No. 205 appears 
to be among the best itvthe case of the 
wrought alloys and No. 710 in the epe 
of cast alloys ’■ '• For purposes of sim- 
plification, therefore, the comparison 
will, in most cases, be drawn between 

In one series of tests conducted in the 
Edgewater alternate immersion equip- 
ment, two boxes of 17S-T alloy were 
included which were prepared for paint- 
ing by means of an Alrok treatment and 
-Alumilite treatment and then given a 
coat of quick-drying ainc chromate 
primer and one coat of aluminum paint 
made with a phenolic resin varnish. 
These boxes, shown in Figure 1, were 
exposed for five summer seasons of 
about six months each and received 
24,275 cycles of immersion. Neither box 
showed serious paint failure after this 
exposure, although the box which had 
received the Alrok coating showed a few 
small corrosioD pits at the water line, 
on three sides, with considerable corro- 
sion in three of the joints inside the 
box. The box which had received the 
Alumilite treatment showed no failure 
on the outside, aside from moderate edge 
attack which was also noted on the 
Alrok-lreated box, but on the inside 
showed slight to moderate corrosion in 
the joints. The paint on either box would 
be considered to have given very good 

In the atmospheric exposure tests 
conducted along the seacoast at Point 
Judith, R. I., two box girders con- 
structed of 17S-T rolled channels, 
bolted together, were given the Alrok 
treatment and the Alumilite treatment, 
respectively. A third box girder was 
treated with a phosphoric acid solution 
for comparison. To all sections were 

paint made with a spar varnish vehicle. 
The sections treated with phosphoric 
acid solution began to show corrosion 
blistering after about 18 months’ ex- 
posure, although this did not become 
serious until after five years' e.\posure. 
The sections given the Alrok treat- 
ment showed a few small corrosion blis- 



ters, mostly near the edges, after about 
three years’ exposure, which did not 
become appreciably larger after five 
years' exposure. "The Alumilite-treated 
girder gave similar results, although 
after five years' exposure the blisters 
were perhaps more scattered than on 
the sections treated bv means of the 
Alrok process. Both girders were still 
in good condition. 

-A large number of sheet panels have 
been exposed in the outdoor salt water 
alternate immersion tank at New Ken- 
sington, Pa. In one group of panels, 
various methods ol surface preparation 
of 17S-T prior to painting were com- 
pared. Included in this group were pan- 
els, some of which had been given the 

lite treatment. The panels were painted 
with one coat of the well known P27b 
type of ainc chromate pfimer and one 
coat of aluminum paint made with a 33- 
gallon phenolic resin varnish. The paint 
on both these panels was intact after 
573 days' exposure in the alternate im- 
mersion tank, which included 27,271 
cycles of immersion. A similar panel 
which had been treated in a phosphoric 
acid solution prior to painting was be- 
ginning to show slight .signs of failure, 
while panels which had been given 
several other types of chemical treat- 
ment had shown considerable paint 
peeling after 322 days and were re- 
moved from the experimental test at 

In the atmospheric exposure tests at 
New Kensington, I7S-T panels which 
had been given Alrok and Alumilite 
treatments, followed by two coats of 
aluminum paint, were still in very good 
condition after eight years' exposure. 
The paint films were still intact on both 
panels, although they were somewhat 
discolored on the backs. A panel which 

slight failure by peeling after three 
years’ exposure; this condition gradu- 
ally became more severe until, after 
seven years' exposure, this panel was 
in poor condition. Treatment in phos- 
phoric acid solution proved somewhat 
more effective, though it was decidedly 
inferior to an Alrok treatment as a 
base for painting, 

A recent examination of panels ex- 
posed in the tidewater test at Wilming- 
ton, N. C., gave further proof of the 
value of Alumilite and Alrok treat- 
ments for preparing aluminum alloy 
surfaces for painting. The panels in 
this test consisted of two heavy plates 
of 53S-T, held together by means of 
a cover plate of the same material, 
which was held in place with Urge 
53S-T rivets. One of the plates was 
given an Alumilite treatment and the 
other plate was treated by means of 
the Alrok process. The entire as- 
{Turn to page 146) 
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Why YOU should start 
a career in AVIATION now 


craft workvra? That keeping this vast fleetHylng will require a 
dozen men on the grourvd for a single plane in the air? Think 

Think in terma of a career for yourself in Aviation's briUiant future! 
Think of a position within an industry offering good ssisxies, pres- 

Our Job is training nven for careers in Aviation. We've hed lots of 
of menf Start a carser in Aviation now. Get in on the ground floor! 


SCHOOL OF AERONAUTICS 

POLYTECHNIC COLLEGE OF ENGINEERING 

OAKLAND, CALIFORNIA 



Because of Record of Efficiency 
and Low Maintenance Costs 

The Dowst Maaufacniring G>mpaay, Chicago, bought its first 
Curtis Air Compressor in 1921. This original machine operated 
constantly, 24 hours a day, six days a week, for fifietnyeari, with 
only ent mintr repair bting refuind. And this repair was admittedly 
due to neglect. 

As a result, this company has since purchased three additional 
Curtis compressors — the selection being based upon the unusually 
efficient perfotmance record of previous Curtis equipment. 

This is another example of the dependable, trouble-free perform- 
ance of Curtb Air Compressors, proven by the operating records 
of thousands of installations throughout the country, 

With Curtis Compressors you can benefit in two ways — by 
replacing your present overloaded, outworn equipment and by 
extending the use of air power in your plant. Curtis Compressors 
are available in capacities up to 360 cfm. 

Curtis efficiency and record of minimum maintenance expense 
is the result of such design features as Timken Roller Bearings, 
Carbon-free Disc Valves, Centro-Ring Oiling. Automatic Pressure 
Unloader, and precision workmanship throughout. 

# K'rile jar jrtt 38-page baeklel, 

"How Air h Being Used in Year 
Industry," and complete injormatien 
an Curtis air operated equipment. 


Surface Preparation 

(Contihuei from page 144) 


sembly was primed with an iron oxide- 
zinc chromate primer made with a 
phenolic resin varnish; the lower half, 
which was continuously submerged, 
was finished with a special antifouling 
paint and the upper half was finished 
with two coats of aluminum paint made 
with a varnish similar to that used in 
the primer. The group in which this 
panel was included was exposed from 
July 7lh, 1937, till May 16th, 1940, a 
period of about 2j years. The primer 
was intact and still giving protection 
on all surfaces of this panel after this 
exposure. The top coats above the 
water line were also intact, but below 
the water line the top coats were nearly 
gone on the area which bad received 
the Alrok treatment and were but 
slightly better on the area having the 
Alumilite treatment. This panel is 
shown in Fig. 2. 

Sand cast panels of 19S-T4, 3S5-T4. 
and 356-T4 alloys, given Alrok and 
•Alumilite coatings and subsequently 
coated with phenolic resin varnish, were 
subjected to salt spray tests at Qeve- 
land. A third series of cast panels was 
merely cleaned with an organic solvent 
prior to painting. The cast alloy panels 
which were merely solvent-cleaned 
showed early failure by paint peeling 
with subsequent corrosive attack of the 
metal. The castings which had been 
given the .Alumilite or Alrok treat- 
ments prior to coating survived an ex- 
posure period ten times longer without 


Coaelustons 

From these tests it is apparent that 
paint adherence with severe wetting and 
drying is almost as good on aluminum 
alloy surfaces treated by means of the 
-Alrok process as on surfaces given an 
•Alumilite treatment. For many types 
of exposure, practically no choice is 
found between these two methods. 
Even under severe conditions of test, 
the results secured with Alrok treat- 
ment were very satisfactory. It should 
therefore prove an adequate treatment 
prior to painting for aluminum alloy 
surfaces used in aircraft and aircrnfi 
engines, with the possible exception of 
pontoons and the bottoms of flying 


* EHwirdi, J, 0. and R. f, Wray, fod, Eng. 
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is used for— 
PULLEYS 
FAIRLEAD BUSHINGS 

WING TABS 
GUSSETS 
STOPS 

ELECTRICAL 
INSULATION 
PANEL BOARDS 
MACHINED PARTS 
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The Formica Insulation Co. 

4628 Spring Grove Ave,, Cincinnati, O. 
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Loop Navigation 

iCoiiliiwed from paflc 55) 


while simuluneoml}' rotating (he loop. 
This is particularly true in rough air 
or when the loop azimuth crank is in- 
conveniently located. Another theoreti- 
cal disadvantage is that the distance is 
increased from the station as the prob- 
lem is worked. 

While the basic scheme of the orien- 
tation procedure outlined above is quite 
simple, its execution in practice is con- 
siderably improved by attention to de- 
tails of technique. For example, tvheit 
tuning in the station preparatory to 
executing the orientation, use the stand- 
ard antenna for tuning purposes and 
then switch to the loop. If a loop 
amplifier is in the circuit, this must also 
be tuned to the correct frequency be- 
fore trying to obtain a null. 

Though it makes no real difference 
in which direction the turn is made in 
order to pick up the null on the wing 
tips, it is good practice to choose the 
direction requiring the least amount of 
turn, Practice will make this easy to 
visualize after obtaining the original 
null on the station. A rule might be to 
note which wing tip is nearest to the 
rearmost null pointer and turn in that 
direction. 

Another suggestion is to make this 
turn of standard rate — 3 deg. per second 
— in order to minimize the possibility 
of missing the null signal during the 
turn. Also, use only a moderate vol- 
ume while this turn is being made so 
that the null will be wide enough to 
guarantee Its being rect^nized. After 
the turn is stopped, the null width 
should be cut to approximately 3 deg. 

The time interval needed to obtain a 
[lositive pointer change after attaining 
the wing tip null position depends di- 
rectly upon the airplane’s speed and 
distance from the station. A minimum 
of 10 deg. pointer change should be 
considered reliable. Do not became 
over impatient to get results. 

toop OrienMIioii — 

An alternative method of loop orien- 
tation is illustrated by Fig. 3. Assume 
positions 1 and 4 furnish the same 
problem of orientation as given for the 
previous procedure; that is, the line of 
bearing illustrated is ambiguous since 
the general direction of the station is 
unknown. To eliminate this ambiguity, 
proceed in the following manner. 

1. Rotate the loop until the null posi- 
tion is aligned with the airplane's lateral 
axis. The pointer will read 90-270. 



5. Continue to hold this iiulJ signal 
by turning the airplane as required, 
but da wo/ iHot'c ihc loop position from 

the wing tips. 

6. When sufficient change of air- 
plane’s heading has been noted to posi- 
tively determine in which direction it 
i.s necessary to turn to hold the null 
signal, the station direction is estab- 
lished. 

7. If the turn has been made to the 
right as indicated by the change in 
heading, the station is to the right, as 
at position 3 in the figure- If a turn 
has been made to the left, the station is 
to the left, as at position 6. 

This procedure is fairly simple to 
execute in a small airplane or when 
one pilot is forced to fly the airplane 
and handle the loop also. It wfll be 
apparent that once the loop null posi- 
tion has been rotated to the wing tips, 
no more attention need be given it. 
The disadvantage of excessive maneuv- 
ering makes it less desirable than the 
previous method for use with a large 
airplane. 

The items of technique, such as sta- 
tion tuning, direction of first turn, and 
handling of volume control, mentioned 
in connection with proper execution of 
the pointer progression methods, like- 
wise apply to this method. 


lined, the general direction of the sta- 
tion from the airplane is established. 
While this is the most vital item of 
information required, a little thought 
applied to the problem at thjs point will 
furnish important supplementary in- 
formation enabling a pilot to conduct 
subsequent navigation with intelligence 
and complete satisfaction. 

A careful pilot will not be satisfied 
with general direction to the station 
after orientation, but will want the 
exact direction. This is very easily 
obtained. 

Referring to Fig. 4, Case A illus- 
trates one method. Simply rotate the 
loop so that the. null position is aligned 
with the airplane's longitudinal axis 
and turn toward the station until a null 
signal is received as at position 4. The 
null pointer will read 0-180 and as long 
as the null is being received in this 
position, the airplane is pointed direct- 
ly at the station. The directional gyro 
will indicate the magnetic eonrse to 
the station at that instant — in this ex- 
ample — 340 deg. Note that course and 
not heading is obtained. It is necessary 
to compensate for the effect of wind 
drift in order to obtain the heading to 
fly to make good this course. This will 
be discussed in a following paragraph 
under "homing" methods. 

Another method is to obtain the 
course to the station after orientation 
by computation. At the moment of 
establishing the g:eneral direction of the 
station from the airplane, note the gyro 
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Cruising Control 

(Continued from page S7) 


pit use a further step was made by tab- 
ulating the information given in Fig- 

7, resulting in the table shown in Fig. 

8. This lias been found to be more 
readily usable under actual flight con- 
ditions than a graph. This table 
printed on a page 8^ by II inches, is 
pasted on the back of the flight plan 
board, which allows complete operating 
information to be obtained from two 
pieces of paper, back to back. Specific 
instructions for all allowable cruising 
conditions are readily available. 

The construction of this table in- 
volves nothing new. However, the man- 
ner in which this information is 
applied may appear to violate some 
commonly accepted concepts of accu- 
racy, The engine settings shown on 
the table are used directly without cor- 
rection for density altitude or effect of 
carburetor air temperature or power. 
Also, the effect of weight variation on 
airplane performance is ignored. The 
correctness of this procedure can be 
demonstrated by an engineering analy- 
sis of our flight as follows; 

Assuming; altitude 11,000 ft., tem- 
perature 53 deg. F, required true air- 
speed 185 m,p,h. Referring to Fig, 7, 
185 m-p-h. at 11,000 ft. will require 579 
hp. However, our density altitude is 
13,000 ft, and our engine power is re- 
duced to 554 hp. because of the high 
carburetor air temperature. At 13,000 
ft, SS4 hp. will result in 183 m.p.h., ac- 
cording to calculations. Actually, our 
planes controverted these laws by doing 
185 m.p.h., possibly because under 
such temperature conditions we are not 


carrying deicers. 

The effect of weight on performance 
also is usually considered a tangible 
item requiring another calculation on 
the part of the crew in order to achieve 
accuracy. But the small errors intro- 
duced by these factors affect only true 
airspeed and are negligible in normal 
airline operations when weighed against 
the factors which are outside the pilot's 
ability to evaluate or control. A few 
such items are; tolerance of balloon 
run data, tolerance of engine instru- 
ment calibrations, atmospheric turbu- 
lence, variation of engine power with 
mixture strength and humidity. In 
the past we have required the utmost 
precision from the pilot concerning 
variables which will exert an influence 
of but one-half of one percent on per- 
formance, while ignoring variables af- 
fecting performance as much as 3 per- 

Our crew, having set the engines at 
18(50 r.p.m. and full throttle, will con- 
tinue to the next check point and the 
accuracy of the original setting will 
then have been determined. Perhaps 
the expected zero wind is a 3 m.p.h. 
delaying wind and the speed must be 
stepped up to 190 m.p.h. for the re- 
mainder of the trip. A quick reference 
to the chart will give the figure of 1910 
r.p.m., still full throttle, and a result- 
ing indicated airspeed of approximately 
155 m.p.h. The pilot knows he is still 
operating his engines properly, yet he 
has not been required to spend any 
time on calculating his problem. From 
here we can confidently expect arrival 
at Las Vegas within a minute of esti- 
mate without further attention to the 
engines. 

It would be well to add here that the 
instrument indications by which the 
crew determines the airplane perform- 


ance are read with a tolerance that 
would upset an engineer, Because of 
the position of the instrument with re- 
lation to the pilot and copilot, the ta- 
chometer indication is anyone’s guess 
plus or minus 10 r.p.m. Similarly, the 
manifold pressure is never read more 
closely than .25 in. Hg„ and the indi- 
cated airspeed is referred to in incre- 
ments of 5 m.p.h. We believe this to 
be true of other operators using similar 
equipment. 

In spite of these apparent inaccu- 
racies, precision is obtained primarily 
because of the experience of the crew 
and, secondly, bemuse these apparent 
inaccuracies lend to cancel one another. 
An example of this is the effect of 
varying gross weight. At consant 
gross weight our airplane will be two 
m.p.h. fast in summer and two m.p.h. 
slow in winter. However, summer 
loads will tend to stow the airplane 
down to the standard and lighter win- 
ter traffic will compensate in like 
manner. 

We find that a high degree of accu- 
racy has been obained by regarding 
this able as a guide to true airspeed. 
The real precision must come from the 
attention of the crew to ground speed. 
Prior to the introduction of this tech- 
nique we could expect a difference of 
three minutes in actual arrival time 
from the pilot’s original estimate in a 
flight of 250 miles. This was while 
using equipment which was operated 
on consant power and with no attempt 
to control arrival time while in flight. 
This difference* in 650 miles amounted 
to as much as 5 minutes. Because of 
the inflexible operating technique then 
used, these differences can be ascribed 
to the variable accuracy of balloon run 
information. Today we are meeting 
(Tiim to page 156) 
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defense applications is being 
speeded by this Welded Stainless 
Tubing because tubing shapes 
ate natural design units. They 
are close to the final part shape, 
so can be finish formed by flang- 
ing, expanding, tapering and 
spinning operations — with a 
minimum of machining. 

Then, too, there are the natural 
advantages of using this Stain- 
less. It provides easy forming 
and none of the valuable metal 
need be machined away. Hol- 
low. thin-wall Welded Stainless 
Tubing parts arc now often able 
to carry loads formerly assigoed 
to solid machined bars or heavy- 
wall carbon steel cubing. 
Through supplying this easier- 
co-fabricace cubing, Carpenter is 
helping to speed defense pro- 
duction in hundreds of plants. 
At the same time, the Carpenter 
Welded Stainless Tubing Manual 
beeps production and engineer- 
ing departments informed on 
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ute because the crew has available the 
necessary information to control cruis- 
ing periormance. 

Tile emphasis placed on indicated 
airspeed is at variance with the policy 
of some operators. The usual objection 
to using this instrument as a basis for 
navigation is the possible tolerance of 
its indication. For a high degree of 
instrument accuracy, frequent flight 
calibrations would be necessary. 

As previously shown, we accept a 
comparntivcly wide tolerance in the 
airspeerl inriication but are convinced 
that the data of this degree of accuracy 
is v.-iluable. This instrument gives the 
pilot the most tangible evidence that 
the power expended is resulting in the 
expected performance. The table is 
sufficiently accurate so that the three 
factors tabulated, r.p.m., manifold pres- 
sure, and indicated airspeed, fall to- 
gether as a unit within the accuracy 
that these gauges are read. This one 
fact alone has been a large factor in 
gaining the pilot’s acceptance of these 
instructions. The major purpose of the 
instructions, as previously stated,.Js to 
translate engine power into alkane 
performance. The engine power, as de- 
termined by r.p.m. and manifold pres- 
sure, is translated into airplane per- 
formance as measured by the airspeed 
indicator. 

An interesting by-product has re- 
sulted in having these three readings 
so closely related. As the personnel ex- 
pect to have these related readings 
conic together, the variation of any 
one is a quick indication of ice forma- 
tion. For instance, if at 10,000 ft. we 
have 1940 r.p.m. and 29.25" manifold 
pressure and indicated ISO m.p.h. in- 
stead of ISO m.p.h. we look for ice on 
the wings or pitot head. Similarly a 
drop in manifold pressure will give a 
wnruing of engine ice. It is true that 
these conditions would be manifcsterl 
otherwise, but because the crew expects 
these three quantities to line up as 
shown in the table, they are more 
quickly aware of adverse conditions if 
one quantity is out of line. 

Experience h.as dictated the limits 
of cruising control, A true air speed 
of 193 m.p.h. at 2050 r.p.m., or 630 hp„ 
is the maximum. This is governed by 
considerations of practical engine limi- 
tations. Exceeding this power will re- 
sult in rapidly increasing maintenance 
costs. The minimum is 135 m.p.h. in- 
dicated airspeed. .At speeds slower than 
this the airplane is too slow to react 
for continuous flying. Therefore, if 


our headwind is too great, we fly at 
195 m.p.h. true air speed and arrive 
behind schedule. If the favoring wind 
is sufficiently great we arrive ahead of 
time, despite operating at minimum al- 
lowable cruising speed. Within these 
limits we exert all possible means to 
maintain schedules as precision of 
operation creates a favorable impres- 
sion with cu.siomers. One factor assist- 
ing in adherence to schedule is that 
the required average speed leaves a 
sufficient margin of power to compen- 
sate for normal delaying winds and 
ground delays. 

Where favoring winds exist the air- 
plane is accordingly slowed down. Thi.s 
policy may be objected to by some 
operators who prefer to take advantage 
of favorable winds by arriving at the 
next destination ahead of schedule, 
arguing that costs are calculated on the 
basis of hours flown. However, as de- 
parture from the next stop can seldom 
be made ahead of schedule, the irrita- 
tion of the passengers resulting from 
the increased length of time on the 
ground is a factor that must be con- 
sidered. With constant high B.M.E.P. 
operation wc achieve the ^speeds re- 
quired by the schedule with maximum 
fuel economy lor the desired airspeed. 

All that has been -s.-iiil above applies 
directly to cominemal airline opera- 
tions where flights are relatively short 
and maliileiiaiice of schedule, is -a- 
major factor. Huwever, in long trans- 
oceanic flights the requirement of 
mainlaiiiing scheduled time is second- 
ary to achieving the maximum fuel 
economy possible with the airplane and 
engine combination being used. The 
result is that such operations are usu- 
ally conducted at the maximum range 
condition of the airplane, regardless of 
over-water speed. This is essential 
from the standpoint of maintaining a 
lai^e mai^in of reserve fuel and also 
to avoid carrying excessive fuel, which 
would reduce,pay load. 

For scheduled airline operations over 
land the new operating technique de- 
scribed above has been used for more 
than a year and sufficient experience 
has accumulated to warrant the follow- 
ing conclusions: 

1. The main benefit derived has been 
the slmplificatian of the pilot’s cruising 
calculations. He has readily available 
in flight accurate and definite instruc- 
tions fol obtaining the desired airplane 
performante. uliirh, in its entire 
range, is wffhin engine limits. 

2. Whefr.-i- the Fuel savings antici- 
pated ftoAi ilin use of a high constant 
n M.E.F. Inive not been definitely ap- 
paronti it ia tell that Western Air Lines 
has done wtdl to hold fuel consumption 
constant. Increased ground delays and 
traffic upsets attendant on the increas- 
ing defense activities of the past year 
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n-ould have increased Che aniouni of 
fuel used under previous methods. 

3. The average operacion has been 
accomplished at a reduction in engine 
speed of about 200 r.p.m. even though 
at the same average power as previ- 
ously used. The resultant decrease in 
cylinder and piston wear alone makes 
this method of operation desirable. 

4. The slower engine speed provides 
a quieter cabin, which is appreciated 
by passengers, especially on sleeper 

3. As a result of the high B.M.E.P. 
feature of the operation, we have found 
that the greatest care must be given 
(0 the ignition system. An engine and 
propeller in excellent condition will 
operate through all cruising speeds of 
from 1500 to 2050 r.p.m. without vibra- 
tion. However, this type of operation 
does make more readily apparent any 
deficiency coming from the ignition 
harness or spark plugs, and will not 
.illow the magnitude of propeller unbal- 
ance tolerable with operation at lower 
B.M.E.P. 

Where vibration from one of these 
sources begins to develop in flight, it 
has been tlie rule to reduce the manifold 
pressure by 2 in, Hg., change the mix- 
ture to automatic rich and select a dif- 
ferent r.p.m. which will move the en- 
gine speed out of the vibration range 
and allow a safe flight to the next 

Perhaps the best summation of the 
description of Western Air Lines’ 
method of cruise control is that the 
pilots like it, use it, and make it do 
what its originators intended it to do. 


False Horizon 

(Continued from pogc 73) 


The Bradbury-Meuron apparatus for 
counting condensation nuclei has been 
operating for two years at Stanford. 
It makes an excellent standard for com- 
paring results obtained in similar exper- 
iments such as that performed by Fryer, 
In this apparatus an air sample is drawn 
into a Wilson cloud chamber and ex- 
panded. The expansion cools the air 
sample to below the saturation point 
with the result that the water vapor in 
the sample condenses upon the nuclei 
present. A light beam shining through 
the cloud chamber impinges on a photo- 
electric cell, and a relationship has been 
established between the amount of light 
extinction and the number of nuclei 
present. A galvanometer is arranged 
to measure and record the result on 
photographic paper mounted on a rotat- 
ing drum. The apparatus examines a 
sample in fifteen minutes, and since it 
is operating continuously, the record 


shows the number of condensation 
nuclei present in the atmosphere at the 
field at intervals of fifteen minutes 
throughout the day. 

Fryer’s measurements of atmospheric 
haze checked closely with the Brad- 
bury-Meuron apparatus as may be seen 
in Fig. 1 which represents a 48 hour 
period starting al midnight May 23, 
1940 and ending at midnight two days 
later. Haze intensity and relative hu- 
midity are plotted in this figure against 
time, and the nuclei count given by 
the Bradbury-Meuron apparatus during 
this period is plotted on the same figure 
[or comparison. 

In Fig. 1 the relationship between 
atmospheric haze and relative humidity 
is clearly indicated. The haze curve 
follows the relative humidity curve 
almost exactly in the early morning 
hours before sunrise when relative 
humidity is high. It is at this time 
that the non-hygroscopic particles in 
the air— dust and smoke — have beer 
found to be at a minimum. The nuclei 
density is also low at this time, but the 
scattering of Fryer's light beam showed 
a maximum of haziness was occuring. 
This is because of the great effect of 
relative humidity in increasing the size 
of condensation nuclei and thus produc 
ing haze. 

Fig. 2 is a plot of the atmospheric 
haze found by Fryer with his light 
beam method for a longer period from 
May 12, 1940 to May 24, 1940. Rela- 
tive humidity is again plotted in this 
figure for comparison with haze In- 
tensity, and it may be seen that haziness 
rises and falls with it. 

Fig. 3, a plot of the daily averages 
of Fryer’s observations, shows ev'en • 
more clearly the effectiveness of high 
relative humidity in producing haze. 
On this plot of the averages, haziness 
reaches a maximum at about five 
o'clock in the morning, which in May 
has been considered a most propitious 
time for the beginning of flight training 
operations, This is just about sunrise, 
but the humidity is still high and the 
nuclei density is increasing. (See Fig. 
1). With the coming of sunrise the 
nuclei density is still high, but the hazi- 
ness decreases because the relative hu- 
midity decreases. 

It is in these early morning maxi- 
mum haziness periods that the upper 
boundary of the haze layer is occasion- 
ally very sharp, .md presents to the 
aviator a well-defined, false horizon, 
sometimes called the "dust" horizon. 

The investigation of haziness is be- 
ing continued by Fryer over other 
months of the year, and it is expected 
that his further measurements of hazi- 
ness and the related factors may pro- 
vide data on this common cause of poor 
visibility that may be of value to air- 
craft operators. 
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Aircraft Flutter 

iContinued Irotn page 63) 


•RudO^hinge 


Tlie uiiii body method represents a 
structure as a mechanical system of 
rig-id airfoils and other rigid compo- 
nents elastically or otherwise coupled. 
Each component corresponds to a de6- 
uite portion of the aircraft structure. 
This method is very helpful in funda- 
mental research upon the influence of 
structural and aerodynamic properties 
(for instance, the effects of a control 
surface and tab, of masses and stiff- 
nesses, of the location of the mass axis, 
elastic axis, etc.) because the struc- 
tural properties are represented by the 
coupling scheme between Che compo- 
nent units, by the elastic restraints, and 
by the masses affected. Fig. 4 illus- 
trates tlie unit body analysis method 
for the study of a ternary Rutter mode. 
This mechanical system can be com- 
poundeil into an accurate model of an 
aircraft structure. 

The method of predetermined deflec- 
tions considers the deflections of the 
whole system as formed of certain ele- 
mentary deformations and any linear 
combinations of these postulated defor- 
mations. Ko further specification is 
necessary concerning the internal 
mechanism of the structure, .^s long 
as the displacements are linearly inde- 
pendent Che given elementary internal 
deformations added to the displace- 
ments of the system as a whole deter- 
mine tlie number of its degrees of free- 
dom; This method determines the im- 
portant factors in a few degrees of 
freedom defined by the same number 
of elementary deformation functioas. 
The addition of more degrees of 
freedom corresponding to nsfine- 
menls in tlie choice of the elementary 
deformations to approximate more 
closely the true displacements repre- 
sents an improvement of the approxi- 
mation. These principles prove that 
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this is really the Rayleigh-Ril* method 
of dynamical analysis. Fig. 5 is a 
complete analysis of the vibration modes 
of a biplane bay- It is quite apparent 

strucled using only three or four de- 
grees of freedom. 

Typical Uea ol Tbeorellcal FluUor Modal 
As an example of the use of a 
theoretical flutter model, such as 
shown in Fig. 5, a brief analysis is 
summarized of a fuselage torsion rud- 
der flutter study considering the aerody- 
namic damping effects of horizontal 
tail surfaces- Aerodynamic damping 
differs from structural damping in sev- 
eral fundamental respects: Structural 
damping is an internal elastic phenom- 
enon affecting only the structural 
rigidity. Aerodynamic damping is an 
external reaction due to the movement 
of adjacent lifting or control surfaces. 
The consequent excitation of adjacent 
surfaces into modes stable for these re- 
spective surfaces absorbs energy from 




the principal vibration system and is an 
effective damper. 

Fig. 6 is a schematic flutter model of 
a single tail configuration. The modes 
of vibration are oscillation of the rudder 
about its hinge line, and rotation of the 
whole tail unit about the fuselage tor- 
sional axis. By rotating the figure 90 
deg. clockwise one obtains a schematic 
model for the damping effect of the 
vertical end plate-surfaces for stabilizer 
elevator flutter modp of a twin tailed 
configuratiot^ 

ITie aerodynamic damping effect is a 
function of three parameters: 

(1) Ratio of damping surface semi- 
span to the reference surface 
span ^ 

2b. 

(2) Ratio of damping surface chord 
to the reference surface chord 


(3) Ratio of damping surface mass 
per unit span to the reference 
surface mass per unit span "'F 

■F 

Fig. 7 is a representative figure to 
illustrate the influence of the span ratio 
parameter for typical single tail con- 
figuration. On this figure have been 
( Turn lo page 162) 


A V I A T 1 0 H , Ocrabor. 





Mi 



THAT BOMBERS MAY FLY 
FASTER AND FARTHER 






Like airplanes, alloy steels have 
undergone constant improvement — 
through unceasing research by 
Republic — world's largest producer 


Today, Republic Alloy Steels provide 



— means higher strength, reduced 
weight, extended service life. 


Whatever the need in alloy steels. 
Republic has the answer. 


REPUBLIC STEEL CORPORATION 



Shanley on Beads 


.toil .Irenes arc always normal to each 
■ithcr rcsulla in wrinkles appearing in 
the direction o( the .maximum tension 
stresses. This sometimes cau.ses con- 
fusion and leads to the erroneous im- 
pression that a tension "field” actually 
causes the wrinkles. 'ITie wrinkles 
themselves are simply evidence of the 
buckling of the sheet under compression 
•tresses and represent a column failure 
Witieh orenrs in a bare imriher of waves 
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instead of one single wave. 

Since beads are often used to stiffen 
members which transmit shear loads, 
it is of particular interest to examine 
the stress conditions for such a head. 
Fig. 3 shows that when a flat plate is 
subjected to :i pure shear loading, the 
maximum tension and compression 
stresses occur along 45-dcgree lines and 
are, of course, normal to each other. 
This is indicated in Fig. 3 by the solid 
and dotted lines. Fig. 3 also shows 
ihe stress condition for a small element 
of the sheet. 

It mieht he sappn.ed that the proper 



use of a bead in this case would con- 
sist in placing it in the direction of the 
compression stress. This is shown in 
Fig. 4. Fig, 4a shows that the reason- 
ing is correct as far as compression 
•cresses are concerned, but that the bead 
has serious consequences when viewed 
from the standpoint of tension stresses. 
a> shown in Fig. 4b. In fact, this type 
of bead will practically destroy the 
value of the sheet as far as carrying 
diagonal tension is concerned, as the 
bead will "open up" under the action 
of the tension loads. This is almost 
equivalent to cutting slots In the sheet 
between the diagonal beads. 

Fig. 3 shows what happens if we run 
ihc heads parallel to the direction of 
the tension field. Fig, 5a indicates that 
(he bead has no helpful effect as far as 
the tension field is concerned, but it 
practically destroys the ability of the 
sheet to carry compression stresses, as 
shown in Fig. Sb. This type of bead 
simply amounts to putting wrinkles into 
the flat sheet before the load is applied 
and is obviously a waste of time and 
money as far as structural efficiency is 
concerned. 





Fig. 6 illustrates a combination of llic 
two preceding cases, in which the beads 
are crossed at 45-degree angles. As 
shown by the small sketch, this arrange- 
ment combines the bad features of both 
the preceding arrangements. From this 
sketch it is evident that there will be a 
head normal to the compression stress 
and this bead will tend to open up under 
loading. Cotuequently, this tvpe of 
construction not only fails to increase 
the strength of the flat sheet appreci- 
;ibly. but greatly reduce- its rigidity 
miller -hear loads. 

VfttUcal Beads 

Fig. 7 illustrates the use of "vertical" 
beads for reinforcing a flat shear beam. 
*\t first sight it might be supposed that 
the vertical bead would tend to open 
up under the action of the diagonal 
tension stresses. By referring to Fig. 
7a, however, it can be seen that the 
effect of Ihc tension stresses is exactly 
offset by the action of the compression 
•tresses. It is interesting to note that 
this condition is nothing more than 
,111 example of the so-called "georleiir" 
principle of design, whidi utilize- [hr 
counterbalancing effects of curved foro 
-ysiems which are mutually perpendicii- 

From this example it can be seen 
that the vertical 90-dcgrce bead is Ihr 
best type of bead to use in reinforcing 
a shear beam subjected to "pure" shear 
loading. The term "pure," as used here, 
indicates equality of the diagonal tension 
and compressive stresses. Obviously, 
if the tension stress exceeded Ihe com- 
pression stress there would be a tendency 
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ior llie bead to open up or flatten out. 
This condition can be obtained if the 
shear load is increased to a point cauS' 
ing buckling of the flat sheet between 
the beads. Under such conditions, any 
additional shear load must be carried by 
the tension field only, thereby destroy- 
ing the balance between the diagonal 
tension and compression fields. In gen- 
eral, it is desirable to prevent buckling 
between the beads in all cases where 
high structural efficiency and rigidity are 
desired. This leads to relatively close 
bead spacing. 

As a limiting case of the vertically 
beaded web, we have the vertically cor- 
rugated web which is obtained when the 
beads are placed very close together. 
This type of shear web has been found 
to be extremely efficient structurally 
ior a wide range of loading conditions.* 
The above discussion indicates the man- 
ner in which a shear laid, represented 
by diagonal tension and compression 
fields, is carried through a corrugated 
beam. Here, again, the principle is the 
same as that employed in geodetic con- 

Before leaving the subject of corru- 
gated beams, it might be well lo point 
out that this type of beam will not 
develop its full efficiency or stifTness 
unless the free edges of the corrugation 
are restrained (riveted) on both sides. 
The only alternative to this is lo "wash 
out” the corrugations at the edge of 
the sheet. This tends to reduce the 
strength of the web somewhat, as it in- 
troduces some fairly large unsupported 
flat areas between the corrugations. The 
corrugated web attached on one side only 
may be used to advantage if maximum 
efficiency or rigidity are not necessary. 

StUleDlns ol Beams 
CorTTlae Bending Stresses 

Fig. 8 illustrates the use of a bead to 
increase the bending resistance of a 
simple formed channel. In this case the 
bead is run parallel lo the outer edges 
of the channel and as close to them as 
possible. The reason for this can be 
seen from Fig. 8 in which the axial 
stresses, due to bending, have been indi- 


obviously desirable to place the bead as 
near the outer fibre as possible, where 
the compressive stress is at a maximum. 
This type of beam must, of course, carry 

desirable to employ both vertical and 
longitudinal beads. When this is done 

tical beads to merge with the longitudi- 
nal beads, as indicated by the dotted 
lines in Fig. 3. At first sight this may 
appear to be an example of a "crossed" 
bead, but the situation is not nearly as 
serious as that previously discussed 
under this subject. From this example 
it may be seen that the question of 
“crossed heads” is often confused with 
the more (undamental question of the 
direction in which the beads should be 

It should be noted that in this simple 
tj'pe of beam the problem of providing 
sufficient strengtli against bending is 
usually much more serious than that of 
carrying the shear stresses. Conse- 
quently, it is probable that vertical beads 
.would not be needed at all, and in fact it 
might be possible in many cases to use 
lightening holes in the web. 

The foregoing examples have been 
based on a clear-cut distinction between 
^hear loading and axial loading. It is 
not always possible to make such a dis- 
tinction ami we often find that struc- 
tural members are subjected to a very 
complex stress distribution. This can 
be illustrated by the case of a rectangu- 
lar beam as indicated in Fig. 9. Even 
in this simple case the direction of the 
maximum normal stresses (tension and 
compression) is somewhat complicated. 
The dotted lines in Fig. 9 indicate the 
direction of the maximum compression 
stresses (Ref. Timoshenko and Mac- 
Cullough, "Elements of Strength of Ma- 
terials” page 135, Fig- 162). It can 
be seen that the compression stresses 
cross the neutral axis at an angle of 45 
degrees, but that this angle changes 
constantly as we move from one edge of 
the beam to the other. Although not 
shown on tlie sketch, the direction of 
maximum tension stresses would be in- 


■licaled by a similar series of curves 
which would be perpendicular to the 
dolled lines shown. 

It is theoretically possible to plot 
-uch stress trajectories for any structure 
under the action of known external loads. 
.Assuming that this can be done for a 
given case, it is still difficult to deter- 
mine the proper location of beads. .At 
first sight it might appear that the 
beads should be run along the com- 
pression stress trajectories in order to 
keep them located in the direction oi 
maximum compression stress. This argu- 
ment may be shown to be fallacious, 
liowever, by referring to the discussioi’ 
of Fig. 4, in which we found that plac- 
ing the bead parallel to the compression 
stress destroyed the effectiveness of the 
tension field. Since there will almost 
■always be a tension field of considerable 
magnitude, and since the tension field 
always acts normal lo the compressinn 
field, it can be seen tliaC placing bead- 
along the direction of maximum com- 
pression stress is not the solution to the 
problem. In fact, this procedure nnT 
only destroys the ability of the sheet lo 
carry the tension field, but destroys the 
validity of our original analysis by which 
we determined the internal stress dis- 
tribution. Consequently, we end up 
with an entirely unpredictable condilimi 
and the chances are that the head.s will 
do more harm than good- 
This discussion will at least indicaiv 
why the question of where to place the 
beads lias never been entirely sohol 
on an analytical basis. We are 
often faced with a complicated prnb- 
lem, not only involving an uneven di- 
tribution of external loads, but requicing 
that the part be designed for two or 
tliree different loading conditions. Under 
these circumstances, it is usually nece- 
sacy to make an intelligent guess as to 
the best location for the beads and to 
run a static test lo determine whether 
the member will carry the load. Most 
of our headed structures, with the ex- 
ception of very simple cases, are there- 
fore developed by the "cut apd try" 
process. 

The Tnue Type Beam 
One of the few cases in which the 
location of beads is a relatively simple 
matter is that of the truss type beam. 
Here we deliberately cut away large 
portions of material, thereby compelling 
[he stresses to How axially along the 
remaining diagonals or verticals. In 
such cases the answer is, of course, i-* 
run the bead parallel to the edges of the 
diagonal. The fact that we have cm 
away the material between diagonal' 
prevents a tension stress from forming 
across the bead and thereby eliminates 
the condition shown in 4b. Tlie only 
difficulty with this type of construction 
is encountered at the ends of the diag- 
onals where it is necessary lo "wash out" 
the bead or to make it merge into the 
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prepared to work with you in adapt- 
ing this versatile product to meet your 
individual needs. Write for bulletin 
containing complete test data on this 
newest "aviation aid." 
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bead from another diagonal- Experi- 
ence has shown that this type of beam 
usually requires special reiniorccnient 
or additional bead- itt the ends of tlu- 
diagonal members, due to the relatively 
large flat sheet ateti introduced at the 

Fig. 10 illustrates a typical u-e of 
bead.s which at first sight may appear 

however, that the diagonal beaiU in thi- 




case are subject to the same crilicisiii 
that was made in connection with Fig. 4 
and 5. In oilier words, the presence 
of a diagonal tension held will tend to 
open up the heads that are carrying the 
compression stresses. For ma.\imiini 
structural efficiency it would probably 
be better to cut away the excess mate- 
rial between the beads, as indicated by 
the dotted lines of Fig. 10. The decision 
as to whether this should be done will 
depend largely on the intensity of shear 
loading involved, as it is often unneces- 
sary to achieve the maximum in struc- 
tural efficiency. In such cases produc- 
tion considerations are of greatest 
importance and the designer should at- 
tempt to utilize the simplest possible 
type of construction. 


Olhar Utat of Beads 

.^s previously noted, beads may also 
be utilized to stilfen a flat sheet against 
normal pressures or to prevent vibra- 
tion in service. In such cases the only 
fundamemal principle involved Is to run 
the beads across the shortest dimension 
of the sheet, as it is obviou.s that 
a strip cut parallel to the beads has 
much more bentling stiffness than a strip 
cut across the beads- Consequently- we 
should try to place the stronger strip 
across the shortest dimension in order M 
achieve maxiinum rigidity against nor- 
mal pressures. The use of diagonal or 
crossed beads under these conditions is 
therefore open to t]uestion on the same 
grounds that were used in the discussion 
of sltear beam.s. Likewise, any attempt 
by the designer to invent a new system 
of beading for such cases is likely to be 
a waste of time as it is impossible to 
predict very accurately the action of 
a complicated system of beads. 

Although it is impossible to set up a 
system that will give complete answers 
to tlie bead problent, a number of simple 


lulcs can be -lated. cased on the fore- 
going discussion. These should h«- 
clearlv understood by the designer and 
should be applied to all ease.s in which 
beads are to be used. 

(a) For members loaded in pure 
compression (that is, having no tension 
field at right angles) llie bead should 
be placed in the direction of the com- 
pression stress. 

(b) For sheets subjected to purv 
shear stress (that is, equal diagonal 
tension and compression fields) the be.ml 
should be placed "vertically." that is, in 
the direction of the shear load and 
across the short dimension of the sheet. 

(c) Principle (b) can be further ex- 
tended to stale that in general bead- 
-hould be placed midway between the 
direction of the maximum tension and 
compression fields (that is, at 4> tle- 

(d) It is inefficient to use diagonal 
beads for a flat plate under pure shear 
load. This holds for either directinn 
of the diagonal, and particularly for the 
use of crossed diagonal beads, which is 
probably the most inefficient type of ron- 
struction. 

(e) The main disadvauUge of the 
bead is the fact that it destroys the con- 
tinuity of the slieet in its own plane and 
will therefore cause either a flalleiiiug 
or bowing of the bead under any loatl- 
ing condition, except the following; 

(1) Direct tension along the bead, 
with no cross loading, 

(2) Direct compression along the 
bead with no cross loading, 

(3) Pure shear in the direction of 
the bead (i.e., equal diagonal ten.sioii 
and compression fields at 45 degrees 
to the bead). 

(f) In all cases where the direction 

clearly defined or is subject to variation 
under different loading conditions it i- 
best to adopt one ol tlie following idea- : 

(1) -Avoid the use of bead.s entirely, 
resorting to stiffeners instead. 

(2) Adopt a truss type of construc- 
tion in which material between be.Tl- 
is removed, thereby compelling the 
stresses to flow alortg the direction of 
the head. - (Xote; The choice between 
a truss type of beam and flat plate 
type is based largely on access con- 
siderations. Ill most case.s the flat 
siieet is preferable.) 

(g) In using beads for siil'feiiing 
against normal pressures or vibration, 
the beads should be run across the short- 
est distance between points of support. 

(h) For maximum structural effi- 
ciency. shear beams should be designed 
either as stiffened plate girders or 
''vertically" corrugatrf webs. In the 
latter case, it is necessary to pay par- 
ticular attention to the edge attaclimeiit 
conditions. 

(i) "Blending" of one bead into an- 
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Aircraft Clamps 

(Con/iiiiifd from page 84) 


Development of the new cushion damp 
and tooling up for the present high rate 
of production involved research and 
tooling consideration- that might well 


have consumed a year or more, but under 
the pressure of national defense necd^ 
the job was done in five and a half 


Northrop Kelvin Bridge Ohranieter. 

The heat treating furnace used for 
increasing the tensile strength of the 
clamps was built to order. It is loadetl 
with an electric hoist and has a capacity 
of 32,000 to 320.000 parts per shift, 
depending upon the size damp being 

kettles and other equipment of the 
thermo-welding unit, developed by the 
■American Tire Machinery Company 
and using a Steaniasier boiler. 

The bulk of the production iluties fall 
to the 22 and 12-lon Marshalltown 
presses, with their multi-stage dies. 
Both have an output of 48,000 completed 
bare clamps an hour, with the larger 
sized clamps being made on the heavier 
press. The heavier machine also is 
used for special size damps up to seven 
inches in diameter. Another die used 
on the 12-lon press stamps out cushion 
clamps in sizes from an eighth to tbree- 



(|uaners of an indi at the rate of 48,000 
per hour. The 16-ton press is used for 
both bare and cushion damps up to 
three indies in diameter. 

The plant has two six-ton presses. 
One is used for the smaller sized thermo- 
ivelderi cushion clamps, one-eighth to 
half-inch, and for special blanking and 
piercing operations. The other six-ton 
press is used exclusively to do a form- 
ing job on lug-type clamps. 

The shop’s seventh punch press, the 

eyelets for the theniio-welded clamps 
and also for experimental work. 
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mlier is not in itself objectionable, pro- 
eided that it does not violate any of the 


efRcient location of beads. 

(j) "Crossed" beads are to be 


avoided if atruciural efficiency or stiff- 
ness is desired. (A eompanion article 
OH the technique of forming hydro- 
preised beads in sheet metal, by 1. A. 
Petrie, begins on page 59. 


S. Warpage is greater and re- 
straightening after forming is in- 
creased with the external beads. 

There are times when it is struc- 
turally essential that external beads be 
used. Otherwise it would be deemed 
advisable to eliminate them completely 
from our design standards. However, 
with judicious use of them and close 
control of the elements designed in the 
vicinity of external beads, we feel that 
they can be retained as part of our 
design standards. 


Petrie on Beads 

(Conltnaed from page S9) 


Cost ol Intoraol and Esiornal Beads 





much as the elongation factor for the 
material is constant. This applies to 
both internal as well as external beads 
as shown in Fig. 5. (See Lockheed 
Paper No. 36, Sheet Metal Mathe- 
matics.) 

Certain combinations of external and 
internal beads can be used advantage- 
ously. Intersecting beads may blend 
into one another at almost any angle, 
providing they are properly faired as 
shown in Figs. 6 and 7. 

Mention might be made at this point 
that designers frequently reverse beads: 


In hydro-press work, keep all flanges, 
beads, lightening hole flanges and other 
elements all in the same general direc- 
tion for the flat sheet 

Objections to the external bead are ; 

1. Accurate determination of blank 
is almost impossible. 

2. Indeterminate effect which ex- 
ternal bead has upon adjacent elements. 

3. Inability to achieve standard depth 
of bead without cracking when beads 
are in vicinity of other elements in the 
slieet which limit the amount of ma- 
terial that may be taken up by the 

4. External beads necessitate the use 
of longer locating pins on the form 
block and before the part is properly 
sealed by the rubber it tends to shift 
at times, elongating the locating holes 
and distorting the part generally. 


the follow'ing points may be considered: 

1. Straight beads, whether internal 
or external, arc more economical than 
curved beads. 

2. Circular beads are more economical 
than irregularly curved beads. 

Curved beads, if circular, cost approx- 
imately 18 to 20 percent more than 
straight beads. If the curves arc ir- 
regular, the cost increases rapidly due 
to machinery setup, complicated form- 
ing, etc. Blending of beads, although 
desirable from a strc.ss viewpoint, is ex- 
pensive because of the hand work in- 

No attempt will be made to even 
approximate costs in this paper as each 
specilic application should be investi- 
gated individually. 
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Ten-fold Expansion 
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oratories (Fig. 6). All units are 
tested in accordance with test specifi- 
cations prepared and issued by the engi- 
neering department. Test reports and 
log sheets are made up in duplicate 
for each unit, one copy of which is sub- 
mitted to the engineering department 
and the second copy retained by the test 
department for future reference. After 
units have passed all speciheil tests, 
they are returned to the assembly de- 
partment for disassembly and subjected 
to a complete and detailed inspection to 


determine if any defects have developed 
during the severe tests to which the 
unit has been subjected. .After inspec- 
tion, the units are again reassembled 
and transferred to the final inspection 
and finishing department for safety wir- 
ing of screws and attachment of small 
fittings such as lockwashers, nuts, and 
parts which would have interfered with 
the test procedure. All units are then 
inspected and delivered to the stock 
room ready for shipment. 

The development of new and im- 
proved production test equipment plus 
the segregation of products into various 
classifications under the supervision 
of specialized personnel has been one 
of the major considerations in increas- 
ing production output. In addition, 
continued improvement and simplifica- 


tion of product design combined with 
the standardization of production units 
have also been important factors in re- 
ducing assembly time and the conse- 
quent production of completed units. 

As manufacturers of starting ami 
generating equipment. Eclipse Aviation 
has steadily expanded manufacturing 
facilities, through research and develop- 
ment, to embrace numerous additional 
products contributing to the safety and 
efficiency of modern aircraft The in- 
creased demands of the National De- 
fense Program have necessitated the 
employment throughout the aircraft in- 
dustry of many new and inexperienced 
personnel. .Although there has been a 
certain amount of difficulty in obtaining 
skilled labor, especially in the form of 
tool designers, hand screw and grinder 
operators, Eclipse .Aviation has found 
from experience that the careful selec- 
tion of unskilled personnel supplemented 
by a concentrated educational program, 
has resulted in obtaining sufficient per- 
sonnel capable of serving as machine 
tool operators. In this connection, 
throughout the foundry, production, as- 
sembly and test departments, the rc- 
spon.sibiliiy for training has been dele- 
gated to the foreman or department 
head with the result that considerable 
success has been experienced in meeting 
personnel requirements after a relatively 
short period of training. 

In order to utilize all available fa- 
cilities of the plant at Bendix, New 
Jersey, all hourly rate employees have 
been placed on a two-shift, sixty hour 
week basis; the day shift operating on 
a six-day week of ten hours per day 
and the night shift operating on a five- 
day week of twelve hours per night. 
Under this system of operation the 
plant is operated at almost full capacity 
for the maximum hours available with 
time provided on Sundays to take care 
of emergency repairs and the mainte- 
nance of plant production equipment. 

Consideration of personnel as well 
as machine tool requirements were im- 
portant factors in the selection of sub- 
contracting plants to meet the expansion 
requirements of the National Defense 
Program. The use of sub-contracting 
plants in various localities previously 
operating at reduced capacity has' re- 
sulted in the segregation of personnel 
requirements over a wide area thereby 
simplifying the problem of obtaining 
skilled labor. On the other hand, ex- 
pansion of existing facilities with the 
resultant concentration of personnel 
requirements at one given locality would 
have necessitated the employment of a 
large number of migratory personnel 
in order to meet existing requirements. 

(Turn to page 174) 
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iiiiention oi llic Government to provide 
a coordinating officer on each project to 
insure tliat the proposed airplane fulfills 
the major requirements of the competi- 
tion aod provides the utmost in useful- 
ness and service life. It is obviously 
impossible to set up requirements detail- 
ing the countless factors which influence 
design work. Instead of trying to do 
this, the government provides technical 
experts to act as consultants fpr the re- 
view and the release for fabrication of 
certain types of constniction, new metli- 
otls of control, improved power control. 

The point of view which we adopt 
is that the government has for our use 
on these projects a group of consulting 

revisions, tu- u a r t 
III). These data 
are also used in the 
formation of new 
type specilications 
for airplanes which 
will be issued prior 
to the release of the 
Handbook and other 
materials which are 
at that time in the 
process of being re- 
vised. New design 
policies are formu- 
lated as die result of 
activities of several 
professional socie- 
ties, particularly the 
fnstitute of Aero- 
nautical Sciences 
and the Society of 
Automotive Engi- 

read at meetings of 
these various tech- 

throughout the coun- 
try and annually 
these two major or- 
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range to arrive at the airplane projected, 
the estimates no performance, weight, 
and cost are liable to be less accurate. 

The Air Corps is constantly receiving 
and analyzing trouble reports from air- 
planes operating throughout the world, 
and from these reports is able to modify 
design requirements and operation in- 
structions which form the basis for re- 
visions of the Handbook, installation, 
equipment, and material specilication 


attended by leading representatives of 
tlie industry. The Army ami the Navy 
send members to the society meet- 
ings and also to the airline maintenance 
meetings. The engineering department 
has members in most of the societies 
and organizations mentioned above and 
is constantly in touch with the Air Corps' 
and the Navy Department in order 
that it may be abreast of the verv l-ote.sc 
requirements and proposed require- 
ments. Obviously, the cost of designing 
and manufacturing is directly affected 
by new requirements which arc being 
evolved. Some of the changes result in 
a decrease in cost, decrease in weight, 
or an increase in service life, or all 

It may be in order to discuss briefly 
the procedures in effect during and after 
an award has been made. Certain draw- 
ings are submitted to the Procurement 
Agency for review and release. It is tlie 


engineers who will offer suggestions, 
recunmiendations, and sometimes insist 
that certain modifications be made be- 
fore the drawings are released for fabri- 
cation. This procedure offers every ad- 
vantage. The government's representa- 
tives, viewing the drawings or descrip- 
tions of a proposed installation can 
apply their service experience and 
“huild out” of the proposed design cer- 
tain imperfections which they have 
found in similar equipment built by 
another contractor or government 
agency which has been found unsatis- 
factory. It frequently happens that many 
worthwhile changes are incorporated 
into a design while it is still only on 
paper by such a procctlure. 

Before airplane construction is begun, 
a delegation from the Procurement 
.Agency arrives at the contractor's plant 
and reviews the full scale mock-up. The 
mock-up also acts as a clearing house 
for interferences among various items. 


Tlie mock-up board listens to both sides 
and decides which item has preference 
in a particular location. 

To return again to the main subject 
of this article, let us now assume that 
we have entered Phase Three. Before 
we actually begin work it is necessary 
that each layout be approved by the 
Project Officer of the Air Corps. Simi- 
larly all of the stress analysis and per- 
formance calculations are carefully re- 
viewed and the necessary supplements 

The specilication is then rewritten, 
this time anticipating the production of 
an airplane from the requirements statetl 
therein. Corrections in weight, per- 
formance, descriptive matter, and so on, 
along with increases or decreases in pre- 
viously stated bid prices are put into 
effect. The Project Engineer may then 
take the layouts and typical assembly 
drawings and pass them to his group 
leaders who by this time have a numlier 
of men working for them. Each draw- 
ing is covered by a memo outlining for 
the information of the Croup Engineer 
what is desired from him in this parlic- 
ular case. At this point, a design direc- 
tive, whicli has been in the process of 
preparation, is made ready for release. 
The design directive is the final author- 
ity from the Chief Engineer, the Chief 
Research Engineer, and the Chief Proj- 
ect Engineer to the Project Group and 
all members of the department (or the 
conduct of work pertaining to that par- 
ticular airplane. The many factors 
which bear upon the project arc accumu- 
lated by the airplane specification group 
who as.semble this material into this de- 
sign directive. The design directive not 
only includes the requirements set forth 
in the type specification, but reviews 
the entire project so far as the execu- 
tion thereof is concerned and provides 
each group engineer with all material 
available for the solution of the problem 
through the coordinated effort of the 
department and the customer. Revisions 
of the design directive are made as fre- 
quently as occasion demands. Copies 
of the directive are in the haq'ds of the 
customer and affected membirf' pf the 
organization remote from tlie home 
office engineering department who are 
concerned with the aclu.il solution of 
the problem. 

It Is the responsibility of the Specifi- 
cation Staff Engineer to keep the esti- 
mating and production departments 
acquainted, by amendments to the de- 
sign directive and other means, with all 
changes to the airplane affecting 
production or cost so that, if warranted, 
the Procurement Agency can be advised 
of this condition and a course of action 
can be recommended. .A schedule of 
static tests is coordinated with the date 
schedule of the projects so that repre- 
sentative p.irts can be built up in the 
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Wei^fi,s only l/WO of an Ounce 

...Yet it lifts the heaviest aircraft 


* 1/100 of an ounce — that's the weight of the average 
Aeralloy aircraft magneto contact point — that's the reason 
it’s so vital in the “nerve center" of the modem aircraft. 

* Think, for a moment, of the stress placed on contact 
points by the modern aircraft magneto. In a Bendix- 
Scintilla aircraft magneto, a pair of contact points is re- 
quired Id make and break 4 amps at 180 volts a minimum 
of 2,200.000.000 limes. No wonder Bendix.Scinlilla plays 
safe — and specifies AeralLOV magneto contact points. 

By specifying Aeralloy you gel — 

— ihe aircraft magneto point that has proved itself for 
years in the Army, the Navy, and every mafor airline 
in .inierica. 


-the aircraft magneto contact point built through 18 
separate operations to insure precision — speed up pro- 
duction lines. 

— the aircraft magneto point that is always built up to a 
standard — nei’cr down to a price. 

* The fl'ilco Blue Book tells you about AeraLLOv — and 
tells you about Wilco Thermometals, the lliermoslatic 
bi-metals for accurate temperature control, or reaction 
from temperature changes. Shall 
we mail j'our copy today? 

The H. Wilson Company 
105 Chestnut St,. Newark. N. J. 

Branches: Chicago * Detroit 
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CALL ’EM RIGHT! 

//you find it dijjiriitl In descriho a tup airrrfUy. or if you are in 
nnv doubt about the exarl meaning of certain terms, the defini- 
tioiis on this page may help you. Keep it for bandy reference. 
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Douglas Plant 

{Conlimndirom pcgc S3) 


now under erection in Tulsa, OkJa. In 
setting up the Long Beach plant under 
Howard Houghton, Douglas drew liber- 
ally on personnel from the Santa Monica 
factory, providing an experienced and 
capable skeleton organization as a 
nucleus around which to build. A ma- 
jority of the workmen are being drawn 
from the neighboring town of Long 

Although there is a tremendous 
quantity of primary fabrication work 
already under way in the Long Beach 
plant, much of the major sub-assemblies 

ern and mid-WMtern sub-contractors. 
Special railroad cars will shuttle back 
and forth carrying completed parts. 
Provision has been made for running 
these cars right into the plant at any 
desired point. There i.s also adequate 
provision for operation of trucks di- 

whiie all basic airplane design work 
will continue to be handled at the parent 
plant in Santa Monica, an extensive tool 
design and production engineering de- 
partment has been provided at Long 
Beach. 


Originally estimated to cost $12,000,- 
000 and provide 1,400,000 square feet 
of working floor space, k is now 
rumored that the Long Beach factory 
will be doubled in size immediately in 

Fortress” production schedule. Located 
on a 200-acre site, the Long Beach 
plant has ample room for expansion. 
The factory buildings are in the north- 
east corner of the Long Beach airport 
area, with full access to the runway 
system. Main highways parallel the 

easy transportation for workers. .A 
huge parking lot to the east of the 
plant is reached by means of a pedes- 
trian subway extending under the high- 
way. 


Although several buildings were then 
uncompleted the factory was placed in 
production early in September. Formal 
dedication was scheduled for September 
26, with 4,000 people already at work 
and hiring progressing rapidly in a 
drive to employ 15,000 people before 
the end of the year. 


Designed by Edward Gray Tavlor anil 
Ellis Wing Taylor, the new Douglas 
plant was built by the P. J. Walker Co., 
of Los Angeles. Ground was first 
broken on November 22, 1940. Despite 
serious delays in preliminary excava- 


weather, the plant has been completed 
in less than ten months. In erecting 
four of the assembly units, 3763 tons of 
structural steel were raised and riveted 
into place in 32 working days ; an aver- 
age of nearly 120 tons daily. A total 
of more than 9000 tons of structural 
steel and reinforcing bars went into the 
plant construction program. Approxi- 
mately 9000 mercury vapor lamps and 
5000 fluorescent lamps were installed 
for lighting. Nearly 2,000,000 lbs. of 
sheet metal went into the ventilating 
duct system. Approximately 5700 
horsepower of electrical installations 
were required for the air conditioning 
equipment. 


The factory is arranged with the main 
office building, a three-story concrete 

intersection of Lakewood and Carson 
Boulevards. A one-story cmploymenl 
and personnel building and a one-story 
employee welfare and restaurant unit 
also hce Lakewood Blvd., and are of 
similar construction. Behind these units 
are two fabricating buildings, two final 

structure, shipping and receiving build- 



ings. paint storage, and a large garage. 
These buildings are all of one-story 
design with high ceilings and structural 
steel framework throughout. Provision 
has been made for addition of mezza- 
nines in all units, enabling further 
expansion of work area within the pres- 
ent buildings. .All areas between build- 
ings are paved, providing ample yard 
space (or outdoor final assembly work, 
a feature of all California's aircraft 


Modem equlpmtsl 

Throughout the plant the most com- 
plete and modern equipment is pro- 
vided. Straight line materials flow and 
assembly path has been provided for 
throughout the plant, so that there is 
no back tracking or cross moving of 
materials and assemblies. Overhead 
cranes provide rapid handling of all 
parts and materials. Along the assem- 
bly lines, both in fabrication and final 
assembly, wing and fuselage jigs are set 
on tracks and are moved by mechanical 
power at regular intervals. 

Row on row of the latest machine tool 
equipment has been installed in the ma- 
chine shop, including one line of 45 
lathes, and a group of 70 milling ma- 
chines of various types. Other equip- 
ment for electric and gas welding, lank 
testing, heat treating, sand blasting, 
plating, grinding, magnafluxing, etc., 
has all been installed and is already in 

Much of the equipment has been built 
to special requirements such as the two 
new six-sided hydraulic presses, each 
of 2500 Ion capacity. On each of their 
six sides is an electrically operated load- 
ing table. By this method it is believed 
press production will be speeded at least 

plishment. 


Not all the thought and effort in the 
new plant has gone into bomb proofing 
and special equipment. A great deal oi 
attention has been devoted to the latest 
scientific ntethods of hiring and training 

comfort and safety of those employed 
Complete hospital equipment is provided 
and thirty trained nurses are already 
on duty. Special areas have been al- 
lotted for recreation during lunch hours. 
To augment the company cafeteria a 
number of travelling cafeterias will tour 
the grounds at meal times bringing hot 
food to all parts of the plant. 

Production, started early in Septem- 
ber, will soon reach full flood. While 
there is reason to doubt that Hitler will 
ever personally inspect this plant it is 
quite likely that he will have plenty of 
opportuni^ for viewing the results 
achieved with planes produced there. 


AUTOMATIC FILTERS 


Impingement type. Dust Is features increase efflciency end 

caught by oil-moistened mov- reduce operating costs. Severe! 

ing filter panels, automatically features are fundamental in de- 

led to operate at pre-deter- sign and asclusive. The result is 

mined intervals, depending on a rugged, high-efficiency unit with 

mount of dust to be removed and which extremely large volumes of 

!r velocity. A number of unusual air can be filtered at low cost. 







Flying the Atlantic 

(Continued from page 63) 


upon the use of long-ran^e direction 
6nding radio stations located at kej' 
points on the airway and operated either 
by Pan American or cooperating Euro- 
pean governments ; upon the availability 
of alternate points of landing on the 
coast of Europe, in England, Ireland, 
Canada and Newfoundland. The out- 
break of war and President Roosevelt’s 
Neutrality Proclamation prevented the 
realization of such air transport advan- 

Finalfy, the outbreak of war and par- 
ticularly the identidcation of U. S. in- 
terests with those of Great Britain in 
that war completely changed the char- 
acter of the transatlantic airway in its 
relation to the national welfare. In 
transport terms it changed the objective 
of this enterprise from that of render- 
ing a gradually-in^roving commer- 
cially-adequate service, to that of carry- 
ing, in the public interest, the largest 
(luaniities of mail cargo and the great- 
est number of passengers physically 
possible with the equipment available. 
Air mail loads presented for passage 
(and Pan American has never failed to 
accommodate all mails so presented) 
quickly grew to ten times the average 
size ever estimated as to-be-expected 
either by the airline or U. S. govern- 
mental authorities. fndividual mail 
loads actually upon occasion reached 
as high as 13,000 pounds. Despite the 
fact that passenger loads of thirty-three 
passengers liave been carried on east- 
bound trips and thirty-five have been 
carried on westbound flights (both in 
addition to mail ) , demands for passenger 
accommodations for a long time re- 
mained so great that the compilation 
of »ch passenger list became a matter 
not so much of Iraflic bookings as of 
selecting those passengers whose cross- 
ing would be of the greatest national 

To offset this formidable array of 
difiiculties, the chief asset available to 
the Pan American Airways System was 
an experience of almost ten years in 
transoceanic flying across the Caribbean 
and the Pacific. Out of this experi- 
ence it evolved an extensive and highly 
developed doctrine of practices designed 
to bring to each of the many phases of 
transatlantic operations the concentrated 
lessons in operations in other ocean 
areas. The effectiveness of this Pan 
•American technique in two and one half 
years of transatlantic operations can be 
set forth entirely within the statement 
that during that period Pan American's 
Qippers had, by September S, 1941, 
completed 433 scheduled flights with- 


out a "serious incident" of any kind 
and in absolute safely to passengers, 
personnel, and cargo. 

The technique itself can be set forth in 
several different ways. For our purposes 
here, we shall treat it as divided into 
(1) the use of a highly trained Multiple 
Flight Crew; (2) a highly developed 
system for the Scientific Control of 
Flight; and (3) the det-elopinem of 
what is called the Quick Turn .Around 
system of maintenance to achieve a 
maximum utility for a limited number 
of aircraft. The second and third of 
these items are to be treated in detail 



o direcUen-fhiduio loop. 


in subsequent issues of Aviatiox. 

The Multiple Flight Crew was first 
conceived for the four-engined Sikor- 
sky Flying Boats developed for the 
Iranscaribbean service. Operations over 
comparatively large distances in the 
tropics from early in Pan American 
history determined the use of code 
rather than voice radio. To handle the 
comparatively heavy work of such code 
equipment, the smallest Pan American 
crew is fixed at three members ; a pilot, 
co-pilot, and a radio operator. With the 
coming of four-engined equipment, a 
flight engineer was added to this crew 
to watch over the precision controls 
and complex adjustments of the power 

As Pan American's flying stepped 
up to the scale of Pacific distances, the 
Company's operating technicians ana- 
lyzed the sum total transoceanic flight 
assignments into six prime requisites: 
(1) expert direction of the flight (2) 
piloting (3) navigation (4) control and 
care of the power plants (5) mainte- 
nance of communications (6) passen- 
ger service. Not only must each of 


these tasks be performed perfectly but 
the crew must be so constituted that 
adequate relief watches (approximalcly 
50 percent of total flight time) can be 
enjoyed on long flights by each crew 
member. -Added to this was the obvi- 
ous desirability that there should be 
enough versatility in the training of 
these men so that the emergency in- 
capacity of any one or several of them 
could not threaten the safety of the 
flight. Upon delivery of the Boeing- 
built Clippers and the inauguration of 
transatlantic service, the standard crew 
which mans a Oipper in Atlantic (or 
Pacific) service consists of eleven men, 
each as fitted for his constituted duties 
as his painstaking selection and organ- 
ized training can make him. 

It is perhaps more proper to refer to 
the men who handle the transoceanic 
Clipper as a Captain and his crew of 
ten. The Captain of a Oipper is re- 
sponsible at all limes during a trip for 
the safely and well-being of the persons 
and goods carried, for the safety and 
conduct of his crew, for the safety of 
his aircraft, and for the completion of 
his mission in accordance with his 
orders. The Captain’s normal station is 
the left-hand pilot seat, which he occu- 
pies during all take-off.s, approaches to 
airports, landings, during emergency 
conditions, and at times when he is 
serving his watch at the controls. While 
in flight, the Captain supervises the 
remaining crew members to determine 
that they are properly carrying out their 
duties and responsibilities. The Cap- 
tain prescribes the speed, track, and 
altitude of the aircraft 

The First Officer is second in com- 
mand after the Captain and alter- 
nates with the Captain as the senior 
officer on watch. The First Officer's 
station is the right hand pilot seat. In 
the absence or incapacity of the Cap- 
tain, he automatically assumes complete 
command. The Captain delegates to 
him detailed responsibility for the man- 
agement of the crew and for the han- 
dling and documentation of the aircraft 
at all ports. He is responsible for the 
proper loading and unloading of ail 
cargo. Prior to departure, he makes a 
general inspection of the aircraft which 
includes a check of its air controls, a 
check of the ship's documents, an in.spcc- 
tion for stowaways, and a final verbal 
or written report from each responsible 
Flight Officer, 

The Second Officer is responsible for 
the safe and efficient navigation of the 
aircraft. He is responsible for the 
complete complement of navigation in- 
struments and equipment aboard the 
aircraft. This involves ascertaining that 
complete equipment is on board prior 
to each flight, as well as care of the 
equipment during the trip. He records 
in the Aircraft Log the record of navi- 
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iw American engineers and production men ate 
meeting today's challenge is dramatically revealed by the lecoid- 
bieaking Wright Double-Row Cyclone 14 aircraft engine, rated at 
1700 hp for take-off and ISOO hp lor normal operation. This 
engine is approved for both Army and Navy, and bears an official 
A.T.C. for the highest power rating ever granted covering the 
commercial installations being made ior Pan American Airways 
in the Boeing Ciippera. 

Many of the bronze bearings in this magnificent power plant 
ace Bunting Bronze Bearings, To manufacturers of aircraft and all 
other mechanisms Bunting offers vast experience in bearing 
applications, precision manufacturing lacilities and responsibility 
established by years oi intensive specialization. Your inquiry 
it obligate you . . . The Bunting Brass & Bronze Company, 
Toledo, Ohio. Warehouses in All Principal Cities. 

d and built by Wrlqht Asro- 
ne could supply 

than 6000 inhabitants. Dnuqlas Bombers, 

Martin Patrol Bombers, Curtiss-Wriqbt 
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gation procedures and operallans sia- 

The Third Officer, who is a pilot in 
training, assists and/or relieves the 
other officers in the performance of tlieir 
duties. Prior to departure, the Third 
Officer assists the First Officer in the 
preparation of the Weight and Balance 
Manifest. He personally supervises the 
actual loading of the aircraft in prepa- 
ration for the First Officer’s final in- 
spection. Also prior to take-off, he 
tiscertains that all hatches and bulkhead 
doors are closed and so reports to the 
Captain. Immediately after take-off, he 
conducts a visual examination of major 
external structural components and re- 
ports his findings to the Captain, Prior 
to landing, when required, he receives 
a report front tlic Steward that fly 
spray has been used in the cabin and 
prohibited vegetable matter jettisoneil. 
He handles the bow mooring line when 
casting off and mooring. During lligltt, 
he .serves primarily as relief for the 
Navigation Officer. 

The Flight Engineer is responsible 
for the mechanical condition and me- 
citanical operation of the aircraft. He 
i.s responsible for the loading of fuel and 
til in amounts specified by the Captain, 
fie personally measures the fuel and oil 
aboard before each departure. Prior to 
departure, he personally participates in 
the inspection and/or serving the air- 
craft to which he has been assigned. He 
familiarizes himself with the mechanical 
history of the aircraft since his last 
contact with it. During flight, he main- 
tains the sections of the Log pertaining 
to the mechanical condition of the air- 

The Radio Officer is responsible for 
the efficient utilization of the radio 
equipment aboard the aircraft. He main- 
tains the sections of the Log pertaining 
to the radio equipment. 

The Flight Steward is responsible for 
the efficient handling of passengers, pas- 
sengers' baggage, mail and e.xpress en- 
route. He is mponsible for all ship’s 
papers pertaining to mail, express, bag- 
gage, and the clearance both of the 
aircraft and the persons aboard. He is 
responsible for the proper care of pas- 
sengers’ baggage from the time he re- 
ceives it at point of origin until lie 
delivers it at point of destination. He 
arranges for the receipt and proper dis- 
charge of all express, and likewise for 
the receipt and discharge of all niail. 
He is responsible for the procurement, 
storage and service of all foodstuff used 
aboard the airplane. He is personally 
responsible for the cleanliness and at- 
tractive appearance of all passenger 
iiuaners aboard the aircraft, including 
the galley and toilets, and for the equip- 
ment and supplies necessary for pas- 
senger service. He contributes to the 
comfort and pleasure of the passengers, 
including the direction of organized 


lecrealion. He advises passengers with 
respect to hotel accommodations, taxi 
service, time of next departure, and other 
details essential to their convenience. 

It will be seen that each of these 
officers is necessarily a specialist in dis- 
charging one of the primary requisites 
mentioned above — piloting, navigation, 
engineering, communications and pas- 
senger service. To each of these offi- 
cers is assigned a capable assistant who 
relics’es liim at stated intervals. Thus, 
the typical Clipper crew is rounded out 
by a Third Officer who is a junior pilot 
in training and who serves primarily as 
relief for the Second Officer at the 
navigating table- The Fourth Officer is 
also a junior who assists the pilot offi- 
cers in both flight and ground duties. 

An nsslstam lligiit i .i--.. 

:int radio officer, and then an assistant 
flight steward, whose duties arc obvious 
from their titles, Alls out the comple- 

To train these men, each for his par- 
ticular duty. Pan American long ago 
developed a program of step-by-step 
assignments to duties of increasing com- 
plexity and has required the organizetl 
pursuit of correspondence courses and 
classroom work in many subjects. The 
Captain, for example, is invariably a 
veteran of many years' experience on 
Pan .American's overland as well as 
overseas routes. In addition, he has 
<iualified himself through research and 
study for the Pan American rank of 
Master of Ocean Flying Boats. This 
means that he has not only successfully 
demonstrated sound judgment through- 
out his flying career and is an expert in 
all phases of piloting but that he has 
also master^ the princip.al elements of 
aeronautica) engineering, engine and 
airplane mechanics, navigation, mete- 
orology, and radio. He must hold the 
efiuivalent of a Master Mariner’s ticket. 
He has further qualified himself in those 
phases of international law, marine law, 
and business administration required in 
the performance of his duties. 

In each Clipper crew, the Captain, the 
First, Second, Third, and Fourth Offi- 
cers must all be qualified pilots, trained 
navigators, and expert enough in radio 
.md engines to take over those assign- 
ments, if necessary. 

Each of Pan American's transoceanic 
divisions operates well-equipped train- 
ing centers in navigation, meteorology, 
mid instrument flying where new airmen 
are indoctrinated and all flight officers 
are required to report for periodical 
reviews of new material and check-outs 
of ability. 

Several of these schools are playing 
a ilirect part in the defense program. 
-At the Miami base alone, a school oper- 
ated by Pan American for the U. S. 
-Army Air Corps and Royal Air Force, 
has been engaged for more than a year 
in teaching transoceanic and long range 


navigation and meteorology to cadets in 
those services. Present enrollment in 
the twelve-weeks course is approxi- 
mately dOO, equally divided tetween 
British and American cadets, and the 
over-all program calls for the training 
of at least SOO British and 2,000 Amei - 
icans by the summer of 1942. Pan 
•American training facilities have been 
used to indoctrinate military and naval 
mechanics and technicians in the main- 
tenance of large aircraft and in the 
duties of flight engineers. In several 
instances, British crews assigned to 
lake over .American equipment have 
lieen put through special courses of in- 
struction in these Pan -American train- 
ing centers. 

From the outset, the Atlantic Divi- 
sion was very materially strengthened 
through its ability to recruit its crew> 
ill a targe measure from Pan Ameri- 
can’s Pacific and Eastern (Caribbean! 
Divisions. 

Allflotle Ij dUlarenl 

.A point which must be made, however, 
is the fundamental difference rcquirerl 
by the character of Atlantic operations 
in the service-training of Atlantic 
crews. Crews in the Pacific, for ex- 
ample. settle down to the process of 
learning the detailed crossing techniques 
and the landing problems of a single 
airway laid out across a finite number 
of bases each completely equipped with 
every piece of radio or other equipment 
which Pan American can devise to help 
in their operations. Atlantic weather 

w.ir time regulations. Pan American 
efforts to discharge its cask of carrying 
the maximum cargo and passengers be- 
tween the two continents, has caused 
a shifting of routes far beyond anything 
called for by any previous type of air 
transport flying. For example, a Cap- 
tain who has been in Atlantic service 
since the start of that airline, has 
possibly been called upon to make 
crossings: New York-Horla-Lisbon- 

Marseilles; New York-Newfoundland- 
Ireland-Southhampton ; New York-Ber- 
luuda-Korta-Lisbon ; New York-Ber- 
muila-Lisbon ; Lisbon-Bolaroa-Belem- 
Trinidad-Puerto Rico-New York. On 
westward journeys he perhaps has had 
to seek an ice-free U. S. terminus as 
far south as Miami. 

It is reported from the LaGuardia 
field base that transatlantic flight per- 
sonnel sometimes refer to the shifting 
nature of their route assignments as 
“transatlantic barnstorming.” It wa' 
pointed out recently by a Pan American 
official, however, that the experience 
has resulted io a flexibility of technique 
.ind a versatility of training which may 
well prove of very distinct advantage as 
iuture events perhaps result in farther 
modifications of the transatlantic serv- 
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ALL-WEATHER 
WINDSHIELD WIPER 


The Acrotorque All-Wesfher Windshield 
Wiper is a safety unit of prime imper- 
fence fo flying in ell fypes of weather. 
Of non-magnetic construefion, it is 
hydraulically operated end transmits an 
abundance of power to the wiping 
blades. Three major attributes of ifs de- 
sign are, — slmplieify of eenstruefien, 
lightness of weight, and flexibility of 
mounting. 


•The "blind effect" of rain, snow and ice need no longer 
be accepted as a part of airline and military flying. The 
"fully approved" and powerful Acrotorque All-Weather 
Hydraulic Windshield Wiper is functioning satisfactorily 
on major aircraft in daily flight everywhere — even under 
conditions of severe windshield icing, satisfactory vision is 
assured. 


Since the actuating motor may be re- 
motely installed and the componsnf 
parts fixed in various locations, the 
blades can be set to wipe from a top, 
bottom, or side axis in respect to the 
windshield. The Acrotorque "Wiper” Is 
adaptable to preetically all types and 
sizes of flat and curved windshields. 


The now widely used Acrotorque All-Weather Hydraulic 
Windshield Wiper Is an outstanding example of Acro- 
torque engineering, which Is in keeping with the progress 
of the aircraft industry and the National Defense Program. 
For safety and efficiency, "fly contact" with the Acro- 
torque All-Weather Windshield Wiper. Correspondence 
Invited. 


THE HROTORQUE COMPANY 

4I1S Uiitiflon Avinut Clavelind, Ohio, U. S. A, 
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even included in business indexes. To- 
day, aircraft expenditures head the list 
in our defense program from the stand- 
point of new plant e.xpansions and are 
second only to shipbuilding in point of 
order backlogs. 

Despite the tremendous activity in the 
aircraft industry, equities of leading 
companies are, with few exceptions, at 
the same levels they were two years 
ago. To facilitate comparison, our table 
of stock averages shows the position of 
the various groups at representative 
dates since Sept. 1, 1939. At the out- 
break of war, the aircraft issues leaped 
about 12 percent. Outside of this 
ephemeral move, the aircraft average 
has ranged in a relatively narrow chan- 
nel and is now only slightly higher 
than it was early in Sept. 1939. The 
general market averages, however, arc 
lower now than they were two years 

The air transport group, never a 
war baby, during the first phase of the 
period, showed the most outstanding 
appreciation in the entire industrial list. 
As restrictions became evident, how- 
ever, the air lines quickly lost their 
market gains and hit iheir low-point 
as recent as Joly 18, 1941 with the aver- 
age at 19.28, However, as the out- 
look became less beclouded, the air 
transport issues have been participating 
in a quiet rally all of their own with 
the result that on Sept, f, 1941 their 
average at 21,38 was about 30 percent 
higher than Sept. I, 1939. 

From here on in it is likely that bolli 
aviation averages will reflect their out- 
look as affected by the duration of the 
war and the appraisals accorded post- 
bellum shocks and adjustments. 

The post-war aviation period lets 
come in for a good deal of attention 
recently. The Sperry Corp. announced 
that it is preparing now to cushion tlie 
effects of any post-emergency readjust- 
ment by appropriating from earnings 
substantial reserves earmarked for such 
purpose as well as amortising defense 
production facilities over three years in- 
stead of the five-year period permitted 
by the tax law. 

From the Studebaker Corp. comes 
word that the company has no plans to 
continue aircraft engine production in 
the post-war period. The company cur- 
rently holds a contract to build Wright 
engines. 

No voluntary withdrawal from air- 
craft manufacturing may be anticipated 
from the leading automotive combines. 
General Motors, has long had an im- 
portant stake in aviation and may be 


expected to emerge after the war more 
strongly entrenched. Its Allison engine 
division, now a full-grown giant, may 
be expected to become a patent competi- 
tive factor. General Motors also has 
major investments in Bendix and North 
.American Aviation. 

Chrysler has indicated that it lias under 
development an aircraft engine of its 
own design. Ford expects to mass pro- 
duce flivver planes. 

All this activity by the automotive 
industry may indeed give aircraft build- 
ers sufficient cause to reflect upon new 
competitive forces along with finding 
peace-time markets for their greatly ex- 
panded facilities. 

Probably die most spectacular air- 
craft performer in the market, thus 
far this year, has been Cessna Aircraft 
Co. Listed on the New York Curb 
Exchange early this year, the stock 
sold as low as f3.75 per share in -April. 
In less than five months the stock 
reached $14.87 per share — an apprecia- 
tion of almost 300 percent. This rise 
reveals one of the most interesting se- 
quence of events in the aviation history 
today. Up to Dec. 31, 1940 the com- 
pany was still operating in the red. It 
was not until the first three months of 
1941 that the company attained profitable 
operations. Sharply increasing deliv- 
eries immediately found reflection in 
mounting earnings. Indicated earnings, 
after all charges and taxes, were $1.83 
per share for the three months ended 
June 30, 1941. Estimates place final 
earnings of about $4.00 per share on 
each of the company's 350,000 shares 
outstanding for its fiscal year to end 
Sept. 30, 1941. In July, the companv 
paid 70 cents per share ami recently 
declared another disbursement of $1.25. 

Going back to Sept. 1937, wc find 
that an underwriter liad difficulty in 
marketing the company's stock at $1.6.4 
per share (less than the dividends palil 
this year). In fact, in April 1938, 
this stock was being “peddled” at $1.40. 

The company has had its corporate 
difficulties and in Its early days n-as 
rarely far ahead of tile sheriff. The 
aircraft boom, however, found a readv 
place for the company's product and its 
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19.91 73 
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Aircraft 


success is now established. Smaller of 
the aircraft builders, Cessna has been 
concentrating upon a twin-engined 
trainer now in demand for training of 
bomber pilots. The bulk of the business 
has been Canadian orders (higher 
profit margins), but the Army Air 
Corps recently gave the company an 
award in excess of $12 million. 

Despite the booming aircraft activity, 
not all companies in the industry have 
been uniformly successful. For ex- 
ample, as a contrast to Cessna there is 
the case of Howard Aircraft Co, A 
public offering of this company's com- 
mon stock was made in May, 1939, at 
$3.00 per share- Today, the best biti 
is seventy-five cents. It is not our pur- 
pose here to analyze why this company 
fared so poorly. It is important to note 

industry, can be expected to follow simi- 
lar patterns. For this reason, it always 
is a baffling game-^and a profitable one 
— to be able to detect where the light- 
ning will strike next among a group of 
companies in any industry with a favor- 
able outlook. 


Casting 

(Continued front page 162) 


thing not a portion of the casting. I'lit 
castings are then heat treated if made 
of a heat treatable metal- Test bar,, 
are cast with each heat of metal and 
arc lieat treated with the castings of 
the same heat. .After heat treatment, 
all castings receive a final inspection, 
visually, for dimensional tolerances and 
warpage so that they will meet speci- 
fications and conform to the blueprint. 
.After this final inspection tlie castings 
-sre then ready for shipment. 

In order to closely control produc- 
tion, a research department is main- 
tained by the foundry. All plaster mix 
specimens are subjected to permeability 
and strength tests, since the molds must 
he sufficiently porous to permit gases to 
escape; firm enough to maintain a 
smooth surface, and have a high drv 
strength. X-ray examination of cast- 
ings is also employed to guide the metal- 
lurgist in establishing proper foundry 
techniques. For instance, the tem- 
peratures at which castings are poured 
is highly important, since they vary 
with the size, shape .and weight of the 
castings. Tlie X-ray shows at what 
point the best results are obtained. 

In tlie final inspection department 
parts are cbecked for dimensional accu- 
racy against engineering specifications 
before they are shipped. Any found 
not to meet the plus or minus dimen- 
sions called for are rejected. 
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For complefa information send for our latest technical bulletin, 


AAC 


AMERICAN AIR FILTER CO„ INC., 306 Central Ave„ Louisville, Ky. 


^^MERICAN Air Filters and Dust Control equip- 
ment have protected the monolocfaro of airplane engines since 1923 — now 
in 1941 the same proved principle of air cleaning is incorporated in AAF 
filters for protecting the engines ihemsolres while in flight. 

A plane whose engine fails to deliver its masimum horsepower due to dust 
worn cylinders, is at a decided disadvantage in combat— so army aircraft 
engineers are today specifying air filters to make sure America's planes keep 


The American Air Filter Company in cooperation with aircraft engineers has 
developed a line of engine filters which meet airplane construction require- 
ments, and specifications of the Army Air Corps. AAF airplane engine filters 
provide — 


(1) Minimum size, weight and thickness. 

(2) Highest possible cleaning efficiency. 

(3) Minimum rise In resistance with maximum dust accumulation. 
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We were a BIG HELP 

to Jones on his order for 





GENERAL M ELECTRIC 




AS USED in the B-26 


*S5Y“£F- *E:SP“- 


BOMBER 


is provided by the standard 
Style DAP direct current Mu-Switch. 



MU-SWITCH CORP., CANTON, MASSACHUSETTS 






Sinews of the finest steel 

guard the safety of fledgling pilots 


AMERICAN Tiger Brand Air- 
craft Strand and Cords are the 
choice of leading aircraft designers 
and builders — you’ll find them used 
in Amenca’s finest ships, from the 
new small trainers and pleasure 
craft to the largest liners and 
bombers. 

Only the finest steels go into the 
mamifaciure of Tiger Brand Strand 
and Cords — every wire of every 
cable is cold drawn to high-tensile 


strength through precision dies. 
Every detail of their production is 
under the direction of men who 
specialise in the making of control 
cables that are as sound and trust- 
worthy as modern science can make 
them. Superior .strength, excellent 
fatigue resistance and minimum 
stretch are in-built features. They 
meet, and safely exceed, all require- 
ments of the latest U. S. Army and 
Navy specifications. 



AMERICAN 


STEEL & WIRE COMPANY 

Cleveland, Chicago and Plew York 




UNITED STATES STEEL 


A V I » T I O K , Oel»6er. 






lineup of C-45A Per- 
'N sonnelTranspom marks the 
completion of the second Air 
Corps contract for BEECH CRAFTS equipped for transportation 
of Government and Army officials on Defense missions. Delivered 
almost a year ago was a quantity of similar BEECHCRAFTS 
designated as the Air Corps Type C*45 Personnel Transport. 
Both types are adaptations of the commercial Model LSS 
BEECHCRAFT which has gained widespread recognition 
as a fast, efficient airline and executive transport. 

Two important contracts have been completed. Construction of 
approximately $90,000,000 worth of additional BEECHCRAFTS 
for the Army Air Corps and Navy Bureau of Aeronautics is pro- 
ceeding rapidly on a 24-hour-a-day basis. Deliveries are being 
made in constantly increasing quantities on Air Corps AT-7 
navigation trainers. Navy Bureau of AeronauticsJRB-1 andJRB-2 
utility and personnel transports, and GB-2 biplane BEECHCRAFT 
light personnel transports. Deliveries will soon commence on 
other adaptations of the versatile BEECHCRAFT design for 
various other military purposes. 




BEECH AIRCRAFT CORPORATION • 6411 EAST CENTRAL AVENUE • WICHITA, KANSAS, U.S. A. 










Are You Equipped to Handle the 
Many DEFENSE PROJECTS Requiring 
Precision Limits and 
Super-Smooth Finish 
on Small Diameter Jobs? 



Typical Uses:- 




Hundreds of manufacturers — partic- 
ularly those engaged in the defense 
program — have been quick to adopt 
this new, practical, inexpensive 
method to accurately size and finish 
internal cylindrical surfaces from .185" to 
2.400" in diameter. 

The Sunnen Precision Honing Machine 
does not require a skilled machinist — any 
intelligent workman with a few hours’ prac- 
tice can produce a super-smooth surface 
finish and hold accuracy to one ten-fhousondfhl 



Can be set up and work located in less 
than a minute! Corrects taper and out of 
round holes. 


We'll be glad to have a Soles Engineer 
call and demonstrate this machine in your 
plant — on your job — or 


Send for 
NEW BULLETIN 

giving complete details and 
amples of the wide range of 
for this new machine. 



SUNNEN PRODUCTS CO. 


7942 Msnchaiter Avenue, Si. Louis, Mo. 
Canadian FoetorY Chatham, Ontar 


SUNNEN PRECISION HONING MACHINE 



PRECISION AND ACCURACY are 

brought to their highest state of perfection 
in Federal Aircraft Bearings. Every step in 
manufacture is carefully supervised and 
checked with the result that each ball bear- 
ing is capable of sustaining the Federal 
reputation for QUALITY. 


POUGHKEEPSIE, N. Y. 

Detroit Office: 2640 Book Tower • Cleveland Offic 
Chicago Office: 902 S, Wabash Ave. • Los Angeles < 


ice: 402 Swetland Building 
Offiee: 5410 Wilshire Blvd. 


FEDERAL 


BEARINGS 


THE FEDERAL BEARINGS CO., INC. 












/. Proud of iFour School 




oved, Accredited, and Recognized 




I / VfcroKy 

IN MODERN DEFENSE PLANTS LIGHTED 
flr WITH G-E MAZDA F “INDOOR DAYLIGHT!" 


MOSE THAN SO FOOTCANDLE5 of cool, even "indoor dav- 
light" floods the screw machine department of this de- 
fense industry . , . one of the many plants that are using 
G-E Mazda F (fluorescent) lighting to help craftsmen 
see better and do more accurate work without loss of 
time and waste through error. 

Find out how General Electric can help vou speed pro- 
duction, reduce errors, and improve morale in your 
plant with higher level lighting that is "better than day- 


light" because it is efficient, economical, and depend- 
able 2-f hours a day. Vour local electric service company 
or your G-E MAZDA lamp distributor will show you 
how to get 50 to 100 footcandlcs of light, either with 
incandescent, mercury, RF, or G-E MAZDA F lamps. 


For Jnr/ber ifijormatiov. write General Electric Company, 
Dept. t$6‘AV'j, Nela Park, Cleveland, Ohio. 




How Available / 

TO THE AIRCRAFT INDUSTRY 


OUTSTANDING DEVELOPMENT GREATLY REDUCES 
CABLE STRETCH AND TENSION VARIATIONS 


Cable stretch and tightening or 
slackening of cables due to varia- 
tions in temperature are two prob- 
lems that have become increasingly 
difficult with the use of longer and 
larger control cords. Now comes 
a logical and far-reaching develop- 
ment that offers radical improve- 
mc-ms— Roebling Lock-Clad*— in 
which all straight sections of a 
flexible steel control cable arc en- 
cased in dural, 

In Lock -Clad*, cable stretch can 


be reduced as much as 80*o, and 
temperature coefficient approaches 
that of the plane itself. Lower rig- 
ging loads arc possible and greater 
sensitivity of controls is provided 
under all flying conditions. 

Investigate this important step 
forward in aircraft control. Write 
for further information on the char- 
acteristics of Roebling Lock-Clad* 
and details on how it can be used 
in both new and existing planes. 


CHECK THESE FEATURES 
OF ROEBLING leck-Clad^ 

^ Less Stretch in the Control 

0 Smoother operation through the 
fairleads. 

^ Better Pilot "Feel" due to re- 
duced friction and spring effect. 


NOW 


SERVICE — ON 


In utilizing Lock-Clad* cable for Lockheed Lodestars, 
the only change necessary in the original control 

pulleys. After several thousand hours of service in 
the elevator end rudder control systems, only nor- 

wherc they pass over pulleys — with vastly improved 
pilot coQtrol uoder all operating conditions. 



JOHN A. ROEBLING'S SONS COMPANY 
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FROM 



. . . more tools 
to build them 

swiftly! 



TORRINGTON NEEDLE BEARINGS 
VIRTUALLY ELIMINATE WEAR 



TORRINGTON NEEDLE BEARING 





CHAMBERSBURG ENGINEERING COMPANY. .. CHAMBERSBURG, PA 


CHAMBERSBURG 

*CECOSTAMP* 



CONDU 

A 


Long-Lived/ Flexible/ 
and TOUGH 


Into the construction of o single lorge oirplone 
go literally miles of flexible conduit. Its multiple 
purposes include shielding high tension ignition 
ond low tension secondory systems, guarding 
ogoinst absorbing or radiating radio frequency 
Interference, providing oir ducts, housing flex- 
ible shafts. At all times, under all conditions, 
it must function efficiently ond dependably. 

Breeze Flexible Shielding Conduit represents 
years of engineering ond production experi- 
ence. Monufoctured in strict occordonce with 


U. S. Government specifications, its ruggedness 
offers dependoble, enduring resistonce. 

Used in confunction with Breeze Conduit 
Fittings, Breeze flexible Conduit mokes It pos- 
sible to arronge ossembliei to meet any shield- 


RPORATIONS INC. 


Cartndti fntine Stsrtsrs • Didiromsle 
Certrldis Contsliiffs • Int^st Tie Rads 
< Propeller PRcti Controls • EMrztor ^nd 
Rudder Top Controls. 


Tectiomotor. Fuel Pump end Remote Control 
Drives • Ammunition Rounds Counters • 
Redio Tuning Uolts. 




Ganoralor end Ignition Fitters • 

Eos Anslizers |Finl-Alr Retio Ipdlcetsrsl I 
. Ftadblo Kslel Tubing • RosIsiwH Typo I 
TItsrmometors • Swaging Mublnos and f 
Tools • Armor Plate. 

Statniess Stetl Diiision: Plonosrs h tt 
design and dtvelopmont ot stoinliss stool 
stnicturas and fttdcated products. 
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T he Aeroplane Division of Curtiss -Wright Corporation has four 
great plants, totaling over 5,000,000 square feet of floor area, 
devoted to the production of fighting aircraft for our Defense Forces. 

In answering the Nation’s Defense call, Curtiss-Wrighi has pledged 
itself to all-out production — management and personnel working day 
and night to preserve the traditions of democracy. 




CIRTISS-MIGHT 

G 0 R P Q R A T I 0 N 
AIRPLANE DIVISION 
BUFFALO, NEW YORK - COLUMBUS, OHIO . ST. LOUIS. MISSOURI 



Av I A T I O N 

"Superrenches” clip precious seconds from 
imporcanc produaion and maimenance 
operations, quickly build them up into a 
tremendous aggregate of welcome extra 
manhours. That’s because they’re made for 
the job — fast, accurate, tough, and scientifi- 
cally assorted in combinations for maximum 
flexibility and convenience. They incorpo- 
rate every advance in design and material 
that you would expect from nearly 60 years’ 
wrench-manufacturing experience. 

If you’re a real respeaer of seconds, you’ll 
look seriously into the Williams Line with- 
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SUPERRENCHES 


J. H. WtLLtAMS a CO.. "Til* Wrencl 
22$ LafayeH* S«„ Hiw Tort 



Among the many Kellogg Prod- 
ucts used in the Aviation industry 
and in various branches of the 
U. S. Government, arc Emergency, 
Fire Reporting and Crash-Alarm 
Communication systems, Micro- 
phones (hand and throat). Radio 
and Telephone Headphones, 
Switchboard Plugs. JaclU and 
Keys, Lamp Jacks and Caps, 
Multi-conductor Plugs and Sock- 
ets. Insulated Wire, Cord and 
Cord Assemblies, etc. 


Telephone Systems. Kellogg's 
complete laboratory and manufac- 
turing facilities guarantee highest 
quality in all products, and are 
available for the development of 
special equipment to order. Kel- 
logg’s experience includes the 
manufacture of Head and Chest 
sets. Control Boxes, Filters, etc., 
built to aviation specifications. 


Send us your commuai 
Sion problems. KelU 
giaeers will be glad 

ibeoi. Write 


x; S' 


our Industrial Sales Depart- 




KELLOGG 

SWITCHBOARD & SUPPLY COMPANY 

6642 Seufh Cicero Avenue • Chicago 





Drill Presses 

Speed Up Produclion...CUT COSTS! 


These newDeltaPowei Feed Drill Presses 
quickly pay for themselves in time saved 
and reduced operating costs. They en- 
able operators to perform other work 
while the drill autcmaticaily completes 
its drilling cycle. Sensitive hand drilling 
and heavy power feed drilling are both 
handled with equal ease and accuracy. C 
engineering, built-in quality and low 
these new Drill Presses assure you 
Delta extra machine value. Check into 
latest products of Delta engineers and 
what they can do for you! 



KEEP 'EM FLyiNG 


Uncle Sam's hat is ofi to 
those who aie co-operat- 
ing in the all-out effort to 
"Keep 'Em Flying." We 
take a vital part by producing strong 
fast trainers for the use of CPTP opera- 
tors engaged in both primary and sec- 
ondary courses, home guard units, 
patrol duties and other defense uses. 
Silvaire Airplanes are in active service 
with most leading CPTP operators 
from coast to coast and on full time 
government patrol duty in California. 


SILUAIRE 


Silvaire Airplanes are powered by 65 hp. 
Continental and Lycoming engines as well 
as by the 75 hp. Continental engine. 
^GO!(f See and fly one today. 

i For lurthet information on each avail- 

able model, performance, prices, 
etc., see your dealer or write Depf. A. 

WEST TRENTON, NEW JERSEY 



SOUTH BEND TOOL & DIE COMPANY 


Think of the 
MAINTENANCE 
JOB . . . 

Mass Production 
of Airplanes 
Means 

XK 

We're building a whale of a lot of air- 
planes — demanding the biggest mainte- 
nance job ever tackled for the men who 
hove to "Keep 'Em Flying" 



The men responsible for aircraft maintenance 
are hungry for information these days about 
better maintenance methods . . . about ad- 
vanced ideas . . . about actual practices em- 
ployed at the front. 

That’s why Aviation’s Annual Maintenance 
Number is so important this year. 

To make the December number the most 
practical maintenance reference ever published 
— covering all phases of today's practices — 
Aviation's large staff of editors* have person- 
ally visited the outstanding Air Corps depots. 
Naval air stations, airline bases and aircraft fac- 
tory service departments now in operation. 

Out of the timely important December issue, 
thousands of aviation men will get for the first 
time the published inside-story ... the real 



working information . . . of the most widely 
adaptable methods of maintenance-on-a-mass 
production basis in use throughout America and 
abroad. 

★ * * * 

AVIATION'S EDITORS are onalyzing Iheir nation-wide 
round-up of latest methods, bringing to thousands of avto- 
lion men the first publrshed inside-story of latest moinenonce 
methods here and abroad. These include; 





. . Operolion of Aircraft Manufacturer's Maintenance 
Departments 


. . CPTP ond Private Plane Maintenonce 

. . Maintenance of U. S. Equipment Abroad 

. . Mointenance of Planes Under Combat Conditions 


Coming in December 


/^lATION’S Annual Maintenanfe Number 





BY AM 


THE WELLMAN BRONZE & ALUMINUM CO. 

«002 Sapsriar Av*. Clavsiaiid, Ohio 







;to curtiss-wricht 

The Curtiss Wright Corporation and its sub- 
sidiaries are one of the leaders in the most 
gigantic National Defense task ever assigned 
to any industry — that of producing more 
airplanes and more engines than any nation 
or group of nations in the world. 



DON’T WISH YOU WERE AN 
AIRPLANE PILOT OR AN 
AVIATION MECHANIC 


It is our privilege to play a vital role in thi.s 
gigantic task. Leading aircraft manufac- 
turers, engine builders and airlines name 
Wittek Type FB Stainless as the standard 
specifications hose clamp. 


OESIGNfO, BUILT AND TESTED 

For Aircraft Use 



HOSE CLAMP 


wall'll as 


Roosevelt 
Aviation School* 

AND LEARN TO BE ONE 


WINTER CLASSES 
START JANUARY S, 1942 


AVIATION TRAINING AT ITS BEST 








Are You. Prepared? 


THESE BOOKS 

will give you a flying start 

(11 Aerodynamics of the 
Airplane 




|2| Prevention of the Failure 
OF Metals 

UNDER Repeated Stress 


(3) Airplane Maintenance 

By HUBERT 6. 1.ESLEY. 

MoMlexspce CnymeeA CsiFeM Ait Lim 


ON APPROVAL COUPON 

JohK Wilty S Son. he. 

a minim S2.S0 ** OSmtIh J275 




The first aviation crankshafts were 
forged by Wyman-Gordon, Down 
through the years, with the marvel- 
ous advance of the industry, every 
Wyman-Gordon forging has been 
made under the rule that nothing but 
the best should go in the air. 

WYMAN-GORDON 

Worcester. Mass. Harvey, Illinois 
Detroit, Mich. 


YOU CAN LOOK TO US 

for the Finest PLYWOOD 
You Can Put in your Planes 

--PLY-TECH 

PLY-TECH is Plywood . Plus the technical 

experience oi specialists like James R. Fitzpatrick, 
A. N. Corstens and Lyman G. Hill; men who have 
collaborated in technical plywood for cdicroit since 
the days of the First World War . . . Plus the finest 
timbers and veneers, the most modern type oi hot- 
plate press and other manufacturing equipment. 

Other Tech products with these -|- features are; 
HOLLO-TECH, a hollow core ponel of unusual 
strength and lightness (as strong os a solid ply 
panel of approximately twice its weight) suitable 
for cabin floors, bulkheads and navigation tables. 

ryBR-TECfl, a fibre-faced panel which is light, 
tough, strong; easily worked and bent to a radius 
of as little as one-half inch; an ideal substitute for 
sheet metal in many instances: suitable for lead- 
ing edges, fuselage, cobin linings, instrument 
panels and partitions. 


For details of these panels end anything in air- 
ciaft plywood, flat, fabricated, pre-finished or bent. 




HE CAN LOOK 
TO YOU FOR THE 
FINEST PLANES 
YOU CAN PUT 
IN THE AIR 
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aircraft instruments ... 

how to use them 
how to test them 
how to repair them 
how to install them 

All who are in any way concerned with aircraft instruments 
will find this the one complete, practical manual on the 
subject- The book describes in detail all types of aircraft 
instruments — engine, navigation and flight — and makes plain 
the fundamentals of their construction and operation. It 
gives further complete methods for installation, use, testing, 
trouble-finding and repair. 


Just Out! 


AIRCRAFT INSTRUMENTS 

By George E. Irvin 
525 pages, 5d5 illustrations. $5.00 




From fhe Ampco foundries e steady flow of bronze 
aircraft parts helps the aviation industry increase its 
output of planes, motors and propellers. 

Ampco Metal and Ampco made bronzes are the 
choice of leading aircraft engineers, because these 
alloys stand up under severe service conditions — 
meet carefully written government specifications — 
give a full measure of usefulness. Most American 
made aircrafts are Ampco equipped. 

The ESSeNT/4L Bronze Alloy 

Having unusual characteristics of strength, wearing 
qualities, and resistance to impact and corrosion, 
Ampco Metal is used for highly stressed parts in 
engines, retractable landing gear, propeller assem- 
blies, and the like. 

Write for complete data on Its properties and appli- 
cations to aircraft. 


AMPCO METAIi, INC. 

Sept. A-IO Milwoekee, Wis. 
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"If YOU 

Were Boss... 


...WHICH MEN WOULD YOU PROMOTE? 


The Pholos TeH The Story]. ..When the 
"boss” has a choice between two equally- 
capable men — one dressed in ordinary 
clothes— the other smart-looking in taQoted- 
she Lee Clothes — his attention goes nat- 
urally to the man whose appearance and 
ability bock rate confidence! Lee helps you 
look like the capable, efficient man you ate! 
FREE! '^rite (or free sample color swatches, lllus- 
crated literature, and name of nearest dealer. Men- 



AIRCRAFT 

STEELS 

IN STOCK 

FOR IMMEDIATE SHIPMENT 

BARS 

STRIP ‘ SPRING STEELS 
■^// ■f}nal^ia6 

Electric furnace Aircraft Quality steell , , . 
tubiect lo Magnaflua lest . . , conform to Army 
and Navy specincotiens . , . cold drown end 
anneoled, or heat treoted. Send for Stock Uat. 

THE HAMILTON 
STEEL COMPANT 

TAFT AVE. AT EAST 131at STREET 
IIBERTT 2800 ■ CLEVELAND, OHIO 




Does Toer 
Product 
Require 
Accurate 
Machining 
•> 


Tbia alumiauD-alloy cylinder head ier airerah iDOtori, 
with oloaely held toleraocea, la typical of the Aoe machJii* 
in| woih done by Govro-Nelatm, If accurate meehiniiK ia 

produel, take advanude of our ficilitiea lor renderin* 
thit specialized lervice. 

e Wrife Ui Ceecerdef Tear (eqafreateefal 

THE 

Govro-nelson 

COMPANY 

1931 Antoinette Detroit, Mich. 



SPEED UP the cleaning of air- 
craft parfs after annealing or heat-freaf- 
ment with this efficient sand blast equipment. 

• AIRCRAFT manufacturers are finding 
Ruemelln Blasf Cahinefs a valuable aid in 
maintaining production schedules. The new 
direct pressure cabinet illustrated above 
has been developed for faster, more effi- 
cient cleaning of forgings, heat treated 
parts, preparing metals for metallizing or 
wherever an intense cutting action is re- 
quired. Guilt in several sizes. Simple to 
operate. No skilled labor necessary. Sand 
or Steel abrasives. Widely used by Air 
Defense Forces and airporfs for mainte- 

Wriie for hlesi bullefh ^3Z-A 
describing our foil line of suc- 
tion ond pressure blasf cabhefs, 
filters, fans, rotary table moehines. 

RUEMELIN MFG. CO. 


RUEMELIN 


AND DP PDDNDS Df 

DEAD WEIGHT by use df 




COUNttRSU'** 


SELF-LOCKING AIRCRAFT NUTS 

"Outlast The Plane" 

This revolutionary light-weight, all meloL one piece, 
sell-locking, aiicialt nut is stronger at half the 
weight. Today, leading aircraft mcmuiacturers 

UP TO 60% WEIGHT SAVINGS 


Authorized for use by ARMY, NAVY, C.A.A., 
BOOTS AIRCRAFT NUTS meet all ^ecilications 
and are being used throughout the airplane by a 
majority oi leading aircraft manufacturers. 

WRITE NOW FOR VALUABLE TECHNICAL DATA 
arranged in an eosy-to-file folder. "Boots Standard 
Sheets" give you all the iniormation you want. 


BOOTS AIRCRAFT NUT CORP. 








Petterssen’s 

INTRODUCTION 

METEOROLOGY 

just Published 

Shows you modern methods of weather 
analysis and forecasting and how to 
apply them. 

H ere in concise, non-technical language, for the be- 
ginner, are the basic principles of meteorology and 
their ^appKcM^ to walhet analysis^anil forecasting, 

By SVERRE PETTERSSEN 

236 pages, 6x9. 142 maps, charts and tables, $2.50 


A complete exposition of the 
science of meteorology for beginners 



SEE IT lODAYS — MAILTHE COUPON 







MANY HIGHLY DE- 
VELOPED, PATENTED 
FEATURES found in no 







fdiygfi OEPEIi/f£ 

AGAINST WAiT£ OF 

rme.UBOH MO , 
MXn/HALS-use me A 








SpMd'Up inJormstioD on your porticulaT cloonlnp ptob- 
Um Is wniUng for you In our resoarch 
yours for Iho osldag. Wrilo us and koep up with lbs 
knowUdgo porado. 

TORCO PRODUCTS. INC. 

South CoBlral Atoduo. Los Anqsls 



1>R-M Midget Relays 
are designed and 
produced to depend- 
ably operate under 
the tremendous vib- 
ration of wartime 
operations. For your 
particular problems 
our specialized en- 
gineering staff will 
adapt relays to your 


R-B-M Manufacturing Co. 

E s SEX Wire Corporation 



The Aviation Industry Approves 



N othing is nuxloctcd. nutiting is taken for 
granted, when an esperi trc-w of American 
aircraft mechanics give an airplane its “going- 
over" before wheeling it up to the line. Mt-relt- to 

Yet for all this matchless maintenance work- 

liability of the parts that go to make up his plane. 

So each aircraft magneto, spark plug, switch 
and radio shielding unit that Bendix-Scintilla 
builds is produced with the thought ever in 
mind that life depends upon it. 

SCINTILLA MAGNETO DIVISION 

BENDIX AVIATION CORPORATION 

SIDNEY, NEW YORK 




STANDARD CLAMP 


AMERICAN AVIATION/ 


now 

WrapLock 

introduces : 


( ) 


WrapLock 
HOSE CLAMP 


^CTUS 



HI-PRESSURE 
STAINLESS STEEL 

HOSE CLHMP 

Sonciioned by 












S/Kdfy DABHEll W ^et 

EXTRA VALUES 


Heat-Treated ! 
ALUMINUM CASTIIGS 
for Aircraft 

ALUMINUM PISTONS 

RAY DAY PISTON CORP. 

Jfhrrcn nl ITallon 
Detroit, Michigan 

— mm — ^ 


★ ★ 

SPECIFICATIONS FOR 

AIRCRAFT FABRICS 
FOR 




W. HARRIS THURSTON 


Airerafi Fabrics and Topes 



★ ★ 








If there is anything you want— 

or lomathing you don’t wont that ethor rondon 
o( thU pspsr eon fupply— or uio— odvortito it in 

Aviation's Market Place 


AVIATION "CLASSIFliP” 



GENERAL CONTROLS announces 
a portable mognet/c valve 
for use in a wide voriety of 
aircraft control opplicotions 



-^gj'GENERAL 


CONTROLS 


B*A^30 

B * A* 30 airplane wing 
cloth, famous for its uni- 
formity's lighter, stronger 
and more closely woven 
than other airfoil fabrics. 


WELLINGTON SEARS COMPANY 










When You Need 
Quick Action . . . 


on Opportunities available or wanted in Aviation 
Use 


The “Market Place” of Aviation 


Publithed 
Each Month 


Whe RE ToB UY 


NEW EQUIPMENT — ACCESSORIES — MATERIALS — SUPPLIES 


Save Hands 
Save Time 


' AIRCRAFT 
FUSESI 






CHICAGO METAL 




A MD FITT INGS FOR 


'' Shielding Conduit j 

Army and Navy Specifications 
(Also synthetic covered) 

Shielding Conduit Fittings 
Fuel and Oil Line Hose 

(Avioflex) 

Synthetic covering, oil proofed with 
cellulose. (C. A. A. approved] 

Hydraulic Hose 

(Cellu-Lined) 

Burst pressure to 23,000 p. s. i. 
rr a a - 


(C.A.A. 


approved) 


* 

Aluminum Flexible Tubing 
Stainless Steel Bellows 

Write for Data and 
Engineering Recommendations 


Engineering Recomn 

HOSE CORPOKATION 







CLASSIFIED ADVERTISING 


AVIATION'S 
Market Place 

CLASSIFICD » “ V ADVESTISINa 



AVIATION'S MARKET PLACE 






AVIATION'S MARKET PLACE i 



UNITED AIR LINES 

TB&NSP08T COXPOSATION 


Uv^ PREFERRED 
INSTRUMENT 

Each irsbumenL lepaiied oi installed 
Ejy Snyder's lactory-schooled instru- 
ment technicians is individually cali- 
brated to the specific plane in which 
it is instaUed. 

Guaiaatoed series ou all typaa and 
maicaa of alinaK - • > < 


SNYDER AIRCRAFT 



SNYDER’S 
APPROVED 
Repair Station 


aaa ua rwK eppravao aapair aiaTiea 

IIVSTRUMEl^fTS 

NCW — US£0 — 4U TTPtS — S4LES — l)£P4llt — INST41L4TfON — COMflETE STOCK 
STAIVDARU AlllCUAFT E (( U 1 ■*->■ E i\ T COMPANY 

«ea«»vaH Raid, Mlnaelt, L I., N. Y. Sirdan Gty OSt 




PROPELLERS 

Latin American Trade Solicited 

SALES • REPAIRS • SERVICE 


Seaboard Aircraft Sales 

MINSOU, t?. r.-ahimi eooan CHy 
Diitributari a/ 

HOWARD AIRCRAFT 


ENGINES FOR SALE 


THE VIMALERT COMPANY, I.ld. 


INSPECTIONETTES 




LA TOUR AERONAUTICAL SALES 



Pkiladalphla R»«-Preef Ca. 


"MARKET PLACE" 


NATIONAL CLASSIFIED ADVERTISING 

— of your service 


The 

SEARCHLIGHT 

SECTIONS 

of 

MceRAW-HILLPllBLISHIHECO..Inc. 




a TRI'STATE COLLEGE a 


... AVIATION SCHOOLS 


win b.^ dt.a^la>a ail.r 0 .. Raba.at Em.ra.acr ba> pa»Jk. 


jAUumker 


SCHOOL OF AERONAUTICS 


PISING SUN 


See 

School 

Advertising 

Index 
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^Contractors to the United States Army, ISavy and Coast Cuard and Aircraft Engine BuilderSi 


THE CORPORATION 


136 WEST 52nd STREET. NEW YORK. NEW YORK 
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prepares for the future 


Hydraulic Pump Performance Teat / 
Eclipse ExperimentalLaboratoryl i 


Continued development and research 
keep pace with increased production 


To meet the ever-increasing requirements for new and improved 
aircraft accessory units, Eclipse Aviation maintains an extensive 
staff of experienced research, development and test engineers. 

Scientific laboratories with the most modern test equipment en- 
able these engineers to develop and thoroughly test the many 
new Eclipse products which are constantly being released to the 
aircraft industry. To these engineers are entrusted the responsi- 
bility of creating the new and improved products whifeh have 
enabled Eclipse to look to the future with confidence. 


ECLIPSE AVIATION 

DIVISION OF BENDIX AVIATION CORPORATION • BENDIX, NEW JERSEY. U. S. A. 



